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DuRING pregnancy changes take place in the maternal circulation. 
In this paper, it is proposed to present certain data concerning the 
circulatory adjustments to pregnancy and to consider certain mech- 
anisms by which these changes may be brought about. 

In recent years, studies of the circulation during pregnancy have 
been made by various workers. With certain important exceptions, 
which will be noted, the observations presented here were made by 
my colleagues and myself in a study of pregnant women during the 
past 5 years and many of these data are derived from the study 
of 4 young women during the last 6 months of pregnancy and vary- 
ing periods of the puerperium.’ The circulatory adjustment to 
pregnancy has been found to include the following: 

1. The heart rate is elevated (Fig. 1, 4). There is an increase 
in the basal heart rate of 12 to 20 beats per minute. This amounts 
to some 20,000 extra beats per day and to a total of over 4,000,000 
during the last 200 days of the gravid period. 

2. The arterial blood pressure, on the average, is decreased, but 
the change is not great (Fig. 1, B). The decrease in diastolic pres- 
sure is slightly more than the decrease in systolic pressure, so that 
the pulse pressure rises. Our own observations of this point have 


* Read before the section on Pathology and Physiology at the eighty-eighth annual 
session of the American Medical Association meeting, Atlantic City, N. J., June 10, 
1937. 
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recently been supported by the more extensive ones of Landt and 
Benjamin.’° 

3. The total oxygen absorbed by the mother’s lungs, and trans- 
ported to her own body and that of the fetus, is increased. This 
increase is gradual and reaches a point 15 to 20% above the non- 
pregnant level (Fig. 1, C). 

4. The cardiac output per minute is increased. In Fig. 1, D, the 
cardiac output per minute (in a representative case) is charted 
against the oxygen consumption. It is seen: a, That the cardiac 
output per minute exceeds the non-pregnant level by about the 
fourth month; b, that the increase in output is greater than the rise 
in oxygen consumption (this disproportion implies a fall in the 
arteriovenous oxygen difference); c, that in the last weeks of preg- 
nancy the cardiac output per minute changes toward the normal, 
i. €., it falls.) This takes place at a time when the fetus is increasing 
in size and when the total absorption of oxygen is not reduced. 

5.. The venous blood pressure of pregnant women is elevated in 
a particular area of the body, the pelvis and legs (Fig. 1, FE. In 
pregnant women the venous pressure in the femoral vein is usually 
100 to 200 mm. of water higher than in the arm, 2. e., from 2 to 
3 times normal. In normal individuals, arm and leg pressures are 
approximately identical., We were led to make this observation 
by a visible network of veins which appeared over the abdomen 
and was sufficiently impressive to suggest a collateral circulation. 
Observations on pregnant bitches indicated that these changes in 
venous pressure are not due to an increase in general intraibdom- 
inal pressure, and that they are only partly explained by the local 
pressure of the gravid uterus on the veins. Moreover, in these 
animals the venous pressure was higher as the point of measurement 
approached the placentee. 

6. Blood was drawn from the uterine veins of pregnant bitches 
and the oxygen saturation determined. Some variation was found, 
but in general (5 out of 6 times) the blood leaving the gravid uterus 
contained more oxygen than blood from the right ventricle. This 
is to say that in pregnancy the blood irrigating the placental and 
uterine structures exhibits a low arteriovenous difference. Barcroft! 
has made similar comparisons in rabbits and finds a similar situa- 
tion in early pregnancy. As the time of delivery approached, the 
oxygen saturation of this blood diminished and at term was quite 
low. Barcroft points out that in many animals the saturation of 
the blood going to the fetus is higher than that of normal venous 
blood. 

7..The total blood volume, according to the recent studies by 
Thomson, Hirsheimer, Gibson and Evans" is increased (Fig. 1, F). 
This increase in their patients amounted to some 42%. Like the 
cardiac output, the total blood volume diminished in the last weeks 
of pregnancy. \ Probably this fall in blood volume is concerned in 
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the changes in heart rate, blood pressure and cardiac output which 
occur in the last month of pregnancy. 


8. Over the placenta is heard a loud murmur. When well heard 
this is a continuous bruit with a systolic accentuation. 


PULSE RATE IN PREGNANCY 
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\ The major alterations in the circulation of pregnant women thus 
include: 1, An increase in heart rate; 2, a fall in the diastolic blood 
pressure; 3, an increase in the cardiac output out of proportion to 
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the increase in oxygen consumption; 4, an elevated venous pressure 
in pelvis and legs; 5, a relatively high oxygen content in the blood 
leaving the uterus; 6, an increase in total blood volume; 7, a loud 
bruit over the placenta. 


OXYGEN CONSUMPTION IN PREGNANCY 
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In such an intricate series of events as the pregnant state there 
must be many factors which may influence the circulation. On the 
basis of the observations here reported, two such factors suggest 
themselves as of particular importance. One of these is the obstruc- 
tion offered by the enlarging uterus to the return of blood from the 
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legs.) This is demonstrable and many of its effects are known. The 
other factor)to be discussed is concerned with the large blood sup- 
ply to the placenta. One is struck by the similarity of the changes 
observed in pregnant women to those known to occur in patients with 
a large arteriovenous connection or fistula.) The circulation in patients 
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Fic. 1.—A, Pulse rate in pregnancy; B, blood pressure in pregnancy; C, oxygen 
consumption in pregnancy; D, the cardiac output and total oxygen consumption 
during pregnancy and the puerperium (the solid columns represent the cardiac out- 
put; the barred columns, the oxygen consumption); HZ, venous pressure in pregnancy 
(solid circles, femoral vein; hollow circles, arm vein); F, blood volume in pregnancy. 
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with arteriovenous fistula has been studied by Halsted,’ Reid," 
Lewis and Drury,” Harrison, Dock and Holman,* Holman,’ Matas," 
Brown,’ Ellis and Weiss,’ Smith,” Blumgart and Ernstene,? La- 
place," Burwell and Kennedy,‘ and others. Such patients or ani- 
mals may exhibit the following: 1, tachycardia, 2, increased pulse 
pressure (which may be associated with peripheral signs comparable 
to those in patients with aortic regurgitation), 3, an increase in 
the cardiac output per minute, 4, a decrease in the arteriovenous 
oxygen difference, 5, an elevated pressure in the veins adjacent to 
the fistula, 6, a higher oxygen saturation of the blood in these veins 
than in the mixed venous blood, 7, an increase of the total blood 
volume, 8, a continuous bruit with systolic accentuation, heard in 
the region near the fistula, 9, dilatation of the artery leading to the 
fistula, proximal to the point of leakage. 

These phenomena, excepting the last, have been shown to be 
present in pregnant women, although not always in as striking a 
degree as they may exhibit when they occur in assocation with 
arteriovenous fistula. 

During recent months Dr. Kennedy and I have studied a young 
man with several arteriovenous fistulas in his left arm. Table 
offers a comparison of certain aspects of his circulation with the 
findings in normals and in pregnant women. The similarities 
between the phenomena manifested in this boy (most of which 
could be abolished by compressing the fistula) and those in pregnant 
women speak for themselves. 

TABLE 1.—CoOMPARISON OF THE CHANGES IN THE CIRCULATION IN PREGNANCY AND 
IN ARTERIOVENOUS FISTULA. 


Arteriovenous 


Normal. fistula. Pregnancy. 
Continuous bruit an Absent Present Present 
Average basal heart rate . 66 to 70 per minute 82 per minute 90 per minute 
Arteriovenous oxygen dif- 
ference . 55 to 70 ce. per liter 38 to 46 cc. per liter 40.5 ec. per liter 
Cardiac output pe r squé are 
meter per minute . 2 to 2.4 liters 3.2 liters 2.9 liters 
Oxygen content of venous 
blood near fistula . : At level of venous Near level of arterial Between levels of arter- 
blood blood ial and venous blood 
Pressure in veins near fis- 
tulous opening. . Normal High High 
Total blood volume . . Females, 4300 cc. 6900 ce. 5300 ec. 
Males, 5300 cc. 
110-120 
Arterial blood pressure 102/56 112/70 
(mm. Hg) . 70-80 
Dilatation of artery prox- 
imal to leak 7h 4, Absent Present Present 


Among the other factors which may influence the circulation dur- 
ing pregnancy, the activity of the maternal thyroid is to be consid- 
ered. The present ev idence appears to indicate that thyrotoxicosis is 
at most only a minor factor in the circulatory changes i in normal 
pregnancy. 

It is now necessary to consider whether the structure of the 
placenta is compatible with the hypothesis that an arteriovenous 
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shunt occurs within it. An instructive and recent description of 
the vascular systems of the placenta is that of Spanner.’* This 
exhaustive treatise demonstrates that in the placenta arteries con- 
nect with veins by way of relatively large vascular spaces and 
without the interposition of either arterioles or capillaries. Several 
hundred arteries with a terminal diameter averaging 0.15 mm. 
empty directly (like the nozzle of a hose) into the intervillous space. 
In the light of Halsted’s’ work on arterial dilatation proximal to 
the arteriovenous leak it is of great interest that Spanner has 
showed that the arteries emptying into the intervillous space are 
dilated for a short distance proximal to the point of emptying. 

Blood escapes from the intervillous space, according to Spanner, 
by flowing into the marginal sinus through relatively wide openings. 
The structure of the maternal vascular system in the placenta thus 
offers a connection between arteries and veins which has both 
similarities to and differences from a simple arteriovenous shunt.) 
The similarities have been pointed out. ‘The differences in the 
main are two: 1, Between artery and vein there are interposed 
the tortuous channels of the intervillous space. 2, The venous 
blood flowing from the placenta enters a venous reservoir in which 
the pressure is already high because of the obstruction offered by 
the uterus to the venous return from legs and pelvic region. It is 
possible that these two factors may influence the manner and 
extent of the leakage of blood and pressure through the placenta, 
and therefore, the degree to which the circulation of the pregnant 
woman presents the changes characteristic of the presence of an 
arteriovenous fistula. \ 

Conclusion. ‘The demonstrated phenomena of the circulation in 
pregnant women plus the evidence offered by the structure of the 
placenta lead to the following conclusions: 

The changes in the circulation during pregnancy are in the main 
to be ascribed to two mechanisms: 

1. Obstruction to venous return by the enlarged uterus. 

2. An arteriovenous leak through the placenta. 
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SERIAL BLOOD AND BONE MARROW FINDINGS OF AN EIGHT- 
MONTH PREMATURE AND ITS ROENTGEN RAY TREATED 
CHRONIC, MYELOID LEUKEMIC MOTHER. 


By Lowe A. Err, M.D., 
DEPARTMENT OF HEMATOLOGY, INSTITUTE FOR MEDICAL RESEARCH, 
THE JEWISH HOSPITAL, 
AND 


ArcHIE Fine, M.D., 


DEPARTMENT OF ROENTGENOLOGY, THE JEWISH HOSPITAL, CINCINNATI, OHIO. 


LEUKEMIA complicated by pregnancy is a comparatively rare 
condition, as is indicated by the fact that only 30 cases have been 
reported in the literature.1$4-1.16.18,20,25,27,28,32,87.38 Tn spite of its 
rarity, many interesting problems are encountered when a case of 
this sort presents itself. In this report we consider the various 
problems that arose in the care of a female patient suffering from 
chronic, myeloid leukemia, both before and after the induced 
delivery of an 8-month premature infant, also those arising from our 
opportunity to perform frequent blood and bone marrow examina- 
tions in both the mother and offspring. 


Case History. B. L., aged 33, was first seen at the tumor clinic of the 
Jewish Hospital on September 15, 1935, complaining of weakness and loss 
of weight (from 205 to 165 lbs.) during the preceding 7 months. For about 
5 months she had had a dragging pain in the left upper quadrant and had 
been conscious of a mass in the left hypochondrium. She bruised easily, 
and her menses, which were previously normal, had become rather painful 
and the flow quite abundant. Her appetite was good but she felt full after 
a few mouthfuls of food. Her past and family history were essentially 
negative. She had had 5 children during the past 12 years, all of whom are 
living and well. 

Physical examination revealed a pale, well-developed female who lost 
considerable weight. The lymph nodes were not palpable. The spleen 
was enormous, occupying the entire left side of the abdomen and extending 
into the pelvis and across the midline. The liver was smooth and firm, 
its border extending 3 fingerbreadths below the costal margin. The urine 
was normal. Blood: the red blood cell count, 2,750,000; white blood cell 
count, 310,000, the white cells being predominantly myeloid (Table 1). 

Roentgen Examination. The bones showed no abnormalities. A gastro- 
intestinal series revealed the typical findings of enlarged spleen, viz, dis- 
placement of the stomach to the right and anteriorly, and downward dis- 
placement of the splenic flexure of the colon.® 

Course. Roentgen treatment was instituted, September 20, 1935. The 
response to irradiation was quite satisfactory and prompt. A blood trans- 
fusion of 500 cc. was given on September 30, to hasten convalescence. The 
spleen gradually decreased in size until it could be barely felt under the 
costal margin. In January, 1936, because of the marked discomfort asso- 
ciated with the profuse menstrual periods, it was decided that sterilization 
should be performed. The patient was given a total dose of 560 r units 
(120 kv., 5 ma., 3mm. Al) over the hypogastric region in a period of 2 weeks. 
Menstruation ceased and the Roentgen ray treatment was discontinued. 
Her course was uneventful until August, 1936, when a decided rise in the 
white cell count occurred. A small dose of irradiation was administered 
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(1800 r units) which tended to control the rise. Amenorrhea was constant 
and symptoms of pregnancy were not noted by the patient. In December, 
1936, she returned with a rising white count, marked weakness, and feeling 
of pressure in the lower abdomen. Again Roentgen ray therapy (1800 r 
units) readily stopped the symptoms, but the diagnosis of a pregnancy was 
confirmed by a Roentgen ray examination which disclosed a 5} to 6 months’ 
fetus. Since the fetus had been exposed to the Roentgen ray, there was a 
possibility that some permanent damage had been incurred (Harris!*), and 
it was felt that an abortion was indicated. Admission was unavoidably 
delayed until February 12, 1937; 6 weeks after confirmation of pregnancy. 
After medical induction failed, labor was induced surgically (rupture of the 
membranes, packing of cervix, etc.). Forty hours later, after an unevent- 
ful labor, the patient was delivered of a 5 lbs. 13 oz. premature (or immature 
if the criteria of Schultz?® are used) male infant, living and well. 

Complete blood counts of the mother’s, infant’s and cord blood were made 
immediately after delivery. Marrow punctures of the sternum and tibia 
of the infant were also performed at this time (Tables 1 to 5). 


TaBLE 1.—BLoop Counts oF THE MOTHER. 


(Between September, 1935, and September, 1936, the patient received 5700 r units over the spleen and vertebral 
column, reducing the peripheral white blood count from 300,000 to 30,000 per c.mm.) 


N N a N 7 ~ 
Normoblasts . 2 1 
Myeloblasts . .. .. 3 1 7 4 4 2 65 
Myelocytes, neut. .| 16 19 12 13 37 10 10 24 7 16 14 17 
Non-seg. neutrophils.| 22 31 28 19 32 39 15 17 6 5 i) 7 
Segmented neutrophils} 50 30 46 50 15 38 45 22 70 61 55 7 
Myelocytes, eos. . 1 1 2 1 
Eosinophils. 2 5 1 2 2 4 5 3 2 2 1 2 
Basophils.. . . . .. 15. 9 6 7 4 14 8 9 3 
Lymphocytes. . . 10... 3 5 2 2 6 4 7 9 1 
Monocytes ‘ 1 2 5 2 2 1 
Endothelial cell 
Hemoglobin, % . . 80. 81.0! 76.0 62.0 72.0 77.0 70.0 68.0 66.0 65.6 
R.B.C. (in millions 4.1) 4.2) 3.7) 3.6; 4.0 4.2; 4.4 3.5 3.4) 3.2 
W.B.C. (in thousands) 44.0 67.0 a 62.8! 94.5! 50.2 22.3, 48.0) 33.4 9.9 6.1 48.2/54.4 
Platelets (in thous.) . 0 | 700.0 | 420.0 670.0 410.0 910.0 460.0 580.0 640.0 70.0 


* Day of death. 
Received 1800 r Received 2000 r Received 1200 r Received 2025 mg. 


units of Roent- units of Roent- units of Roent- hr. of radium 
gen ray between genray between gen ray between over spleen 7- 
12-10-36 and 2-23-37 and 2- 5-16-37 and 6- 9-37. 
12-31-36. 28-37. 20-37. 


The postpartum course of the mother was normal except for a slight 
increase in the activity of the leukemic process one week after delivery which 
was easily controlled by Roentgen treatments. Later Fowler’s solution 
was administered and this readily controlled the patient’s white blood cell 
count until 3 months after delivery 

Mother’s Condition. At that time, the white cell count increased, the 
spleen began to enlarge, and the liver and peripheral lymph nodes began to 
enlarge for the first time. Roentgen ray therapy was again instituted 
(1200 r units over spleen and lumbar region during a 4-week interval) 
and a leukopenic phase developed. The white cell count dropped from 30 


| 
| 
| 
! 
A 


10 ERF, FINE: SERIAL BLOOD AND BONE MARROW 


to 50,000 to 5 to 10,000. Transfusions were given twice a week for 5 weeks, 
and the leukocythemic stage returned (75,000 white blood cells). Radium 
over the spleen (2025 mg. hrs.) did not affect this appreciably. 

The patient died 7 months after delivery with typical acute leukocythemic 
myeloblastic leukemia. The platelets were markedly reduced before death, 
and a bone marrow puncture, 20 hours before death, revealed no megakaryo- 
cytes. The postmortem revealed the typical picture of myeloblastic leu- 
kemia; a huge liver and spleen with enlargement of all lymph nodes and 
purpuric lesions throughout most of the body. The microscopic tissue 
sections revealed the usual leukemic infiltrative findings with a hyperplastic 
myeloblastic bone marrow. 


TaBLeE 2.—CELL Counts oF MATERNAL BONE Marrow. 


2-10-37. 2-27. 7-21. 

Megaloblast 0 0 0 
Erythroblasts . 4 1 0 
Myeloblasts . .. . 14 62 
Myelocytes, neutrophils. . . . . 50 38 14 
Non-segmented neutrophils. . . . 11 6 11 
Segmented neutrophils . . . . 11 6 
Myelocytes, eosinophils . . . 7 16 

Myelocytes, basophils . . . 2 1 1 
1 1 
Monocytes 2 ] 

Megakaryocytes ....... . 6 5 0 
Total nucleated cells (in thous.) (pere.mm.) 176 450 341 
Megakaryocytes (per¢c.mm.) 396 970 None found. 


Day of death. 


Discussion. ‘The first question that naturally arises in cases of 
leukemia complicated by pregnancy is the advisability of abortion. 
Many factors had to be considered, such as the leukemic process 
per se (whether chronic or acute, myeloid or lymphatic), the legal 
and extralegal implications. From the literature, it would appear 
that abortion is preferable, in the opinion of most, if the pregnancy 
is diagnosed early. If, however, it is well advanced, conflicting 
opinions occur. Some believe the pregnancy should be terminated 
because the treatment necessary to control the leukemia may injure 
the fetus; or that pressure and obstructive symptoms may develop 
in the mother from an enlarged liver, spleen and uterus. Others 
feel that pregnancy should go to term, since patients have been 
reported to have uneventful delivery and postpartum courses. It is 
evident from the literature that leukemia per se is not a sole indica- 
tion for abortion; social and economic implications are important 
factors. 

As to the technique of abortion during early pregnancy, Roentgen 
rays have the advantage that sterilization may be produced coinci- 
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dentally, which may insure against future pregnancies; this also 
avoids hemorrhages which frequently occur after surgical manipu- 
lations. During the later stages of pregnancy, medical and surgical 
induction may be necessary. If, however, pregnancy is allowed to 


TABLE 3.—Corp BLoop. 


2-17-37 
R.B.C. (in millions) & 4.7 


TaBLE 4.—Bone Marrow FINDINGS OF THE BaBy. 


2-17-37. | 2-23. 3-9. 3-17. 4-6. | 4-17.) 4-26. 5-4. 5-11. 5-18. | 6-16. 7-20. 


Megaloblasts : 7 1 6 4 8 12 3 2 
Erythroblasts 20 8 3 15 4 10 10 25 12 3 13 s 
Normoblasts . .| 65 | 85 26 «105 25 70 40 80 50 35 40 36 23 
Plasma cell erythro- 
blasts ‘ 7 
Hematogones . 15 10 8 25 31 20 20 28 37 32 35 34 
Myeloblasts . . . 1 7 1 3 3 6 4 7 5 9 
Myelocytes, neut. . 26 | 30 23 24 23 12 12 17 20 15 ll 14 5 
Non-seg. neutrophils. 33 | 13 | 25 19 23 9 30 25 15 8 31 8 11 
Segmented neutrophils 11 | 29 | 33 38 30 30 20 30 15 18 10 30 | 25 
Myelocytes, eos... 4 5 5 3 5 3 3 2 7 4 4 ie 3 
Eosinophils . . . 10 8 ; 8 4 6 2 1 3 1 1 
Basophils 1 1 1 
Lymphocytes 4 3 5 6 6 5 2 2 5 ; 10 
Monocyte 1 
Endothelial cells 2 3 1 3 1 
Megakaryocytes ‘ : 2 2 3 2 | 1 1 1 2 2 


Total nucleated cells 
perc.mm. (in thous.) 34.0 60.0 65.0 132.0 126.0 352.0 266.0 360.0 344.0 248.8 202.4 182.0 68.4 
Total megakaryocytes 


perc.mm. . 44 176 550 376 880 383 154 242 330 110 
Cod-liver oil, orange Ferric pyrophosphate Oleum _perco- 

juice and ferric and started daily on 4- morpheum 
ammonium citrate 30-37. started 5-20, 


sat. sol.), 0.5 dram 
daily, starting 3- 
17-37. 


x 
< 
= 
a 
< 
< 
— 
77) 


ERF, FINE 


9°86 
‘20% 


‘W'S U0 sem Aqeg 


umeydiour 
-oorad 


8°86 8°86 66 


*Z0 GT "20 “20 II 


0' 0° 082 


Ajvep saddoo 
Z SHUIOA | 107 SHUIOA TO 


pue 


8°86 886 986 1°66 
‘20, ‘208 


ZT : “Sq, “SQL TT “S416 | “S412 


“Aqegq jo! | pue s} 


payed 

9°001 6°86 
“20 | FI ol 


66 
“20 


alt} pue Wor} [BULION 
|OF | % ‘sey Aoonoyoy 
0° 08% | | (spuvsnogy ut) 
| Sh | ut) 
OOIT | O'OIT % 


Aooydursy 


pajuauiseg 
“qnau ‘say 


Arq 


6 


“9 


‘91-9 


AGVG JO SINNOD aoolg—'¢ 


12 
- 
2 
A Se 500 = 
~ = 
a 
a 
~ 
| 
| onn 
= | - ¥ 20 = 

N 
| 
= a: a 
| 
a 
i ow 
N ~ = 
— 
a 
Om 
= = 
= = 
+ | 
as 
a | = 
AN 
a 


ERF, FINE: SERIAL BLOOD AND BONE MARROW 13 


continue, irradiation therapy can be given to the patient to control 
the leukemic process without injury to the fetus. The usual tech- 
niques are those of Senn*! who was the first to irradiate the spleen and 
Teschendorf* who was one of the first to introduce teleroentgeno- 
therapy in cases which had become refractory to splenic treatment. 
We did not employ these techniques. Our method consists in 
irradiating the entire vertebral column because it includes much of 
the active myelopoietic system. The fields are right and left 
cervical, first to eighth dorsal, eighth dorsal to second lumbar, second 
lumbar to sacrum with the tube angled 20 to 25 degrees to the mid- 
line. The dosage is 200 to 300 r units (with backscattering), the 
factors being 200 kv., 25 ma., filters 0.5 mm. Cu and 1 mm. of Al, 
field size 15 to 20 by 10 cm., distance 50 cm. Treatments are given 
at intervals of 3 to 4 days. The general condition of the patient 
and the white blood cell count are the criteria used for determining 
the necessity for treatments. During pregnancy the lower fields 
are omitted so that direct irradiation of the fetus is avoided. Harris” 
has shown that the irradiation of the fetus may be harmful, as 1 of 
his cases (not leukemic) which had failed to abort after Roentgen 
ray exposure, but whose uterus was emptied surgically, revealed a 
fetus with cerebral cysts. In our case, the Roentgen ray treatment 
of the mother had no untoward effect on the fetus, even though she 
received approximately 600 r units over the lower abdomen. Assum- 
ing the depth dosage to be about 30 to 35% at 10 cm., the uterus 
probably did not receive more than 200 r units. 

From the foregoing, it can be seen that the prevention of preg- 
nancy by instructions in contraception should be given to leukemic 
women who are capable of becoming gravid. If the menstrual 
periods become excessive, which is a frequent complication of leu- 
kemia because of the thrombopenia, Roentgen ray castration should 
be considered. The amenorrhea produced by Roentgen ray steril- 
ization is not always permanent and pregnancy may eventuate as 
is shown in our case and in the case described by Taussig,® the 
products of conception being normal in both instances. 

In acute leukemia of both the myeloid and lymphatic types, an 
acute exacerbation of the leukemic process frequently follows 
delivery, and death rapidly ensues. Hussy™ reports a case (acute 
lymphatic leukemia) that died a day after Cesarean section. The 
baby in this case lived and developed normally. 

In chronic leukemia, delivery does not as a rule alter the leukemic 
process. In our case there was, however, a slight exacerbation 
which was easily controlled by Roentgen therapy. 

With the exception of the doubtful cases reported by Cameron® 
and of a transitory leukemic phase (possibly an infectious mono- 
nucleosis), described by Russell?* in no authentic case has leukemia 
been found in the offspring of leukemic mothers. However, there 
have been examples of leukemic offsprings from normal parents. 
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Pollman* and Lomell*! report the blood and postmortem findings 
of infants 20 and 30 days old respectively who died of typical 
lymphatic leukemia, but whose parents were normal. 

Bone Marrow and Blood Findings. The normal bone marrow differ- 
entials of adults naturally vary with the technique and with the 
authors.?:7-14.74,30.36.42 The technique which we used on the mother 
was merely the insertion of a shortened lumbar tap needle (13 inches 
in length) directly through the outer plate of the sternum in the 
midline between the junctions of the second and third ribs. Only 
0.1 ec. of marrow fluid is withdrawn. (This eliminates dilution with 
blood.) This large drop of marrow fluid is ejected on to a slide 
and a sample is taken for a total nucleated cell count, using the 
usual white cell pipette and 2% acetic acid (the usual white cell 
diluting fluid). The total white cell count (excluding the nucleated 
red cells) by this technique is approximately 120,000 to 180,000 in 
normal adults,* the total nucleated red cells being between 20,000 
and 50,000 per c.mm. The vast majority of the nucleated red cells 
are normoblasts. The normal megakaryocyte count is approximately 
150 per c.mm. 

It must be emphasized that the total figures by this technique 
are only approximations. The white cell differential counts (500 
cells counted) of normal sternal marrows are approximately propor- 
tioned as follows: 30% neutrophilic myelocytes, 30% non-seg- 
mented polymorphonuclears, 30% segmented polymorphonuclears 
and 10% other cells (myeloblasts, eosinophilic myelocytes, basophilic 
myelocytes, eosinophils, basophils, reticulum cells, clasmatocytes, 
lymphocytes and monocytes). * 

Both the supravital technique and the Jenner-Giemsa stain tech- 
nique were used in differentiating the blood and marrow cells in 
this report. 

The bone marrow counts in the mother shows interesting findings. 
The first marrow puncture (pre-delivery) was done during a quies- 
cent period of the leukemic process (the peripheral blood count was 
34,000), the second puncture (post-delivery) was taken during an 
active period of the leukemic process (the peripheral blood count 
was 94,000) and the third during the terminal stages of leukemic 
process (the peripheral count was 54,400). (This patient main- 
tained a high platelet count throughout the entire course of the 
disease? until the terminal stage was reached.) As would be 
expected, the marrow differentials showed a gradual but distinct 
“shift to the left,’ while the total marrow white cell count and 
megakaryocyte count varied according to the stage of the leukemic 
process and the treatment. 

The blood findings in the mother previous to delivery, during 


* This presents fewer neutrophilic myelocytes and more polymorphonuclears than 
is usually regarded as normal. See Custer and Krumbhaar’s!® table from which is 
calculated, about 65% neutrophilic myelocytes; 22% non-segmented and 4.5% seg- 
mented polymorphonuclears and 8.5% other cells.—Eprror. 
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delivery and after delivery could only be considered as variations 
due to the leukemic process, and not altered by the pregnancy. 

The normal bone marrow findings in infants are being determined 
in many clinics, using the puncture technique. Tecilazic® (tibial 
marrow) in Italy, Kato!’ and Vogel®* (sternal marrow) in this 
country have shown that infant marrow varies but little from that 
of the adult. To obtain marrow from the tibia in our case, a 
Steinman pin bent at right angles! was inserted directly through 
the skin and subcutaneous tissue covering the upper third of the 
tibia (without an incision) and then rotated with pressure until the 
medullary cavity was reached. With a needle, marrow fluid was 
easily withdrawn. The sternal marrow was obtained in the manner 
as described for the mother. 

The marrow findings of the baby were interesting. The total 
nucleated cells of the marrow gradually increased in numbers. 
The differentials did not vary much during the first 2 months and 
they corresponded quite closely to normal adult marrow findings 
except for the increased number of “hematogones.’”’ The mega- 
karyocytes gradually increased. Comparison of the differentials of 
sternal and tibial marrow revealed little difference except for the 
degree of hyperplasia. After the peripheral blood elements reached 
the usual normal level, and this occurred during the fifth month, the 
marrow became less active as is shown by the lower marrow total 
cell count and the less active myelopoiesis and erythropoiesis. 

This is one of the very few cases in which the marrow has been 
repeatedly examined from birth. It would appear that this new- 
born marrow approximates the adult marrow quite closely; the 
exception being the gradually increasing numbers of “ hematogones,”’ 
which are small cells usually having a dense nucleus surrounded by 
an almost imperceptible rim of cytoplasm.'7 These have been called 
discarded normoblastic nuclei, micromyeloblasts, precursors of the 
erythroblast and so forth. They are probably lymphatic cells,’ since 
they are found in: increased numbers in the marrows of cases of 
lymphatic leukemia, follicular lymphoblastoma, and infectious mon- 
onucleosis, and in smears of normal lymph nodes. However, “ hem- 
atogones”’ are increased in the marrows of patients having untreated 
pernicious anemia and aregenerative anemia. As there were very 
few fat cells in the marrow at any time, they were not included in 
the differentials. Mitotic figures were no more numerous than in 
normal adult marrows. It was expected that distinct marrow 
changes either in the normoblast or erythroblast groups would be 
seen during the usual peripheral hemoglobin drop—the so-called 
“physiological anemia”’ period. However, no definite correlation 
between the marrow and the blood findings could be discovered, 
although there is some evidence that when the peripheral hemoglobin 
fell, an increase in normoblasts occurred in the marrow, while later 
when the hemoglobin rose, the normoblasts decrease in numbers. 
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The cord blood was interesting in comparison to the baby’s 
peripheral blood findings. The baby’s initial peripheral blood count 
was taken from the heel approximately 45 minutes after the cord 
blood. 

The baby’s initial peripheral blood findings were different from the 
“norms” established for premature and (Nor- 
mal newborns have about 6,000,000 red blood cells and 20,000 white 
blood cells during the first week of life.) Neither did these findings 
compare closely with the cord blood which was taken 45 minutes 
before. The cord blood contained more white cells, and many more 
normoblasts than the peripheral blood of the baby. However, 
dramatic peripheral blood changes occurring within very short 
periods of time under duress are reported in the literature.*3%-! 
Although the baby had a lower peripheral white count than is found 
in normal babies, the marrow responded well when necessity de- 
manded. The infant developed a cold associated with fever during 
the third week of its life and a leukocytosis of 18,000, with a cor- 
responding polynucleosis occurred. The usual normal lymphocy- 
tosis was not established until after convalescence from this cold. 
This baby’s red cells did not vary much in numbers during the first 
month, and in the second month there was the usual gradual fall 
in hemoglobin and red cell count, while the marrow normoblast 
count increased. Ferric pyrophosphate (25 mg. of elemental iron!) 
was started daily at the end of the second month but no marked 
change in the peripheral blood nor in the marrow findings occurred 
in the month following this increased iron administration, but dur- 
ing the next month the hemoglobin rose rapidly to normal. The 
platelets have remained quite stable and at a normal level during 
the first 5 months. 

In no case in the literature, where examination of the placenta 
has been made, were abnormal placental findings noted. Histo- 
logic examination of the placenta in this case revealed no leukemic 
changes. 

Summary. 1. The history of a chronic myeloid leukemic patient 
treated by Roentgen ray, who later became pregnant, is reported. 
The pregnancy apparently had no influence on the leukemic process. 

2. The offspring at delivery was apparently normal, and for 
7 months has had a normal weight gain. 

3. Repeated blood and marrow findings in the mother and off- 
spring are presented. 

We wish to acknowledge our appreciation of the codperation of Dr. E. Friedman 


who delivered the patient and of Dr. Samuel Brown (Director of the Department 
of Roentgenology) for his constant interest. 
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MACROCYTIC ANEMIA IN CANCER OF THE STOMACH, 
APPARENTLY DUE TO LACK OF INTRINSIC FACTOR. 


By S. Mitton M.D., 
ASSISTANT PROFESSOR OF INTERNAL MEDICINE, UNIVERSITY OF MICHIGAN, 
ANN ARBOR, MICH. 


(From the Thomas Henry Simpson Memorial Institute for Medical Research, 
University of Michigan.) 

THE etiology of the various types of anemia associated with cancer 
of the stomach has been discussed by many investigators.** If 
there is a disturbance of iron metabolism (failure of absorption or 
chronic hemorrhage), microcytic anemia results. This type has 
been attributed also to a toxic effect on the bone marrow or to hemo- 
lysis. Occasionally a macrocytic anemia has been associated with 
cancer of the stomach and ascribed to metastasis to the bone 
marrow, or to a coincidental association of pernicious anemia and 
cancer. The following case report and experiment illustrate another 
possible mechanism for the production of the macrocytic anemia in 
association with a neoplasm of this type. 

CasE 1.—Mr. J. G. K., white, farmer, aged 63, was admitted to this 


institute on January 30, 1934, with chief complaints of fatigability (4 
months), weakness, dyspnea on slightest exertion and palpitation (present 
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for 2 months). Pallor and a yellowish tint of the skin had been noticeable 
3 weeks before admission. There had been a 5-pound weight loss. For | 
month the patient had experienced epigastric distress after meals. There 
was no history of glossitis, numbness or tingling of the extremities. His 
father died as a result of pernicious anemia, and his mother and sister from 
carcinoma. 

Physical examination revealed an elderly male, chronically ill, but in no 
acute distress. The skin was pale and markedly yellowish; the sclere 
icteric. Atrophy of the tongue was evident at the tip and along the margins. 
It was not coated. A systolic murmur was present at the apex and base. 
The blood pressure was 150/95. The abdomen was slightly distended, but 
there was no spasm, rigidity or tenderness. The biceps, triceps, knee and 
Achilles reflexes were equal and active. The vibratory sense was dimin- 
ished over the right ankle only. Deep pain sense, as well as sense of motion 
and position of the toes were preserved. 

Laboratory reports: The urine was essentially normal. The stools 
revealed no evidence of occult blood, ova, or parasites. The gastric con- 
tents on analysis, after histamine injections, contained no “free’’ hydro- 
chloric acid. The icteric index was 40, and the bilirubin was 1.60 mg. per 
100 ee. of blood. The red blood cell count was 1,300,000 per e.mm.; hemo- 
globin 32% (Sahli) (5.62 gm.). Moderate poikilocytosis was present with 
many oval forms. The red blood cells varied in size from 3.0 to 13.5 microns, 
with 44% larger than 7.5 microns. 

Clinical Course. The patient was given an experimental intramuscular 
preparation of desiccated stomach. The reticulocytes 7 days later reached 
a peak of 16%. Two months later his blood count was as follows: red 
blood cells 4,200,000 per c.mm.; hemoglobin 87°% (Sahli) (15.28 gm.) On 
July, 1934, 6 months after his first admission, the patient returned com- 
plaining of weakness, marked weight loss, severe epigastric distress, nausea 
and vomiting. The blood picture was maintained with normal limits by 
the daily ingestion of 20 gm. of desiccated stomach. Physical examination 
revealed extreme emaciation and tenderness in the epigastrium. Gastro- 
intestinal Roentgen rays showed linitis plastica type of deformity of the 
stomach, evidently carcinomatous etiology (Fig. 1). 

During the patient’s first admission to the hospital, daily gastric drain- 
ages were done. Approximately 1800 cc. of gastric juice were obtained 
over a period of 14 days. This material was divided equally into 9 parts, 
one of which was incubated for 3 hours at 37° C. with 200 gm. of ground 
beef, and fed at daily intervals to a patient with pernicious anemia in relapse 
(red blood cells 1,700,000 ¢.mm.; hemoglobin 7.8 gm. per 100 ce.). No 
reticulocyte response was observed for a period of 12 days. Subsequently, 
this same subject was given 40 gm. of desiccated stomach daily. On the 
fourth day after treatment was instituted, the reticulocytes increased from 
0.5% to 5.8%, reached a peak of 15.5% on the eleventh day, and decreased 
to 4.5% on the fifteenth day (Chart I). This experiment indicates that the 
gastric juice obtained from the patient with linitis plastica apparently did 
not contain the “intrinsic factor,’ as do normal secretions. 

Discussion. Castle,'~* by several ingenious experiments, proved 
that normal gastric juice when incubated with beef steak was effec- ° 
tive in producing a remission in pernicious anemia. He postulated 
that the stomach secretions of normal individuals contained a factor 
(intrinsic) which was necessary for the maturation of red blood 
cells, and this substance was absent in the gastric contents of per- 
sons with pernicious anemia; hence the development of the macro- 
cytic anemia. In a former paper, it was demonstrated that the 
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defect in gastric secretion in pernicious anemia was quantitative 
rather than qualitative. The intrinsic factor was present in the 
gastric juice but in reduced amounts, and the peripheral red blood 
cell count was proportional to the decreased gastric juice volume. 

In the experiment just described, it appears that the intrinsic 
factor is absent, supposedly as a result of the invasion of the gastric 
mucosa by the widespread carcinoma. Since the intrinsic factor is 
a necessary substance for normal hematopoiesis, when it is absent 
as in this case, a macrocytic anemia similar to that noted in pernic- 
ious anemia will develop. With these facts at hand, one must specu- 
late as to why this patient was able to produce any mature red 
blood cells. It had been previously demonstrated that the normal 
liver contains a hematopoietic substance which is not an integral 
part of the hepatic parenchyma, but stored there and released to the 
body as needed.’ Following gastrectomy in humans, the macro- 
cytic anemia which may result, does not appear for at least 2 years. 
It is suggested therefore, that the body has stored a sufficient 
amount of erythrogenic material to maintain a normal red cell 
production for at least this period. Goodman, Geiger and Claiborn® 
showed that subsequent to the removal of the stomachs of pigs, 
the hematopoietic-producing substance of the liver was gradually 
diminished. 

In the individual with gastric carcinoma, a hematopoietic “gas- 
trectomy” has been produced by the malignancy. The normal 
stomach functions have been destroyed by the cancer with a failure 
of secretion of the intrinsic factor. Consequently, the normal rate 
of red cell formation will continue until the storage of the hemato- 
poietic substance in the liver is depleted; then, with the failure to 
supply an adequate amount of this material for erythrogenesis, the 
production of the mature red cells will fall gradually. 

The possibility of the association of gastric carcinoma and per- 
nicious anemia cannot be denied in this case, although there is 
suggestive evidence which indicates that this relationship did not 
exist. For example, in pernicious anemia, the “intrinsic” factor 
may be present in reduced amounts in the gastric contents, whereas 
in this instance it was completely absent, probably as a result of 
gastric dysfunction caused by the malignancy. Clinically, the 
patient had no findings suggestive of pernicious anemia, other than 
the macrocytic anemia. There was no positive evidence of central 
nervous system degeneration which has been observed in 90% of 
the cases of Addison-Biermer type of anemia and glossitis was 
absent. 

Summary. A macrocytic anemia may be produced by several 
combinations of factors. It is generally accepted that the inter- 
action of an extrinsic factor in food and an intrinsic factor produces 
a substance necessary for the normal development of red blood 
cells. The product formed is presumably absorbed from the intes- 
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tine, stored in the liver and released to the body tissues for utiliza- 
tion as needed. If there is a disturbance of any of the factors which 
are involved in this mechanism, a macrocytic anemia will result. 
In this case of carcinoma of the stomach, the macrocytic anemia 
responded to anti-anemia therapy, and his gastric juice did not 
contain the intrinsic factor. Other than the anemia, he had no 
clinical findings supporting a diagnosis of pernicious anemia. It 
seems, therefore, that his macrocytic anemia resulted from the 
failure of the cancerous stomach tissue to produce the necessary 
intrinsic factor, or from the destruction of the latter by the malignant 
tissue or its toxin. 

Conclusions. 1. A case of cancer of the stomach with an associated 
macrocytic anemia is described. 

2. The anemia responded readily to desiccated stomach therapy. 

3. The gastric contents obtained from the cancerous stomach 
did not contain the intrinsic factor. 

4. The macrocytic anemia associated with cancer of the stomach 
may result from the failure of the “intrinsic” factor to be produced 
by the malignant tissue. 
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IN a previous experiment! we attempted to obtain experimentally 
in rabbits a leukocytic response comparable to the so-called leu- 
kemoid reaction occasionally associated with tuberculosis in human 
beings. In rabbits infected with tubercle bacilli we observed that 
following the injection of tuberculin there occurred a striking eleva- 
tion of the leukocyte count with a marked shift to left of the cells 
of the granulocytic series. The changes in the peripheral blood 
and in the bone marrow after tuberculin was injected resembled 
the condition in human beings which Krumbhaar has designated 
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as “leukemoid.” Since the rabbit is recognized as being extremely 
responsive to most of the hematopoietic stimuli it seemed desirable 
to ascertain if similar reactions could be induced in animals other 
than the rabbit. As part of another experiment there were avail- 
able a number of tuberculous bovine animals, and these were 
utilized to determine if the so-called leukemoid response would 
occur following the injection of tuberculin. 


Methods. The animals consisted of 8 apparently healthy calves which 
were approximately 3 months of age. These animals had been tested 
previously with the intradermic tuberculin test;* and none of the animals 
reacted positively. The animals were divided into four groups of 2 each 
and each group was placed in a separate pen. An adequate ration con- 
sisting of alfalfa hay, ground grain, skim milk, potassium iodide, and cod- 
liver oil was supplied. Six of the animals received subcutaneously 2 cc. 
of a saline suspension of a virulent strain of bovine tubercle bacilli. For 
control purposes 2 of the animals were not injected with tubercle bacilli. 

The blood was examined on 3 successive days prior to receiving the 
tubercle bacilli and once every week for 8 weeks after injection. After the 
last of the weekly blood examinations, each of the calves was injected 
intracutaneously in each caudal fold with 0.2 cc. of standard intradermic 
tuberculin (equivalent to 0.05 gm. of Old Tuberculin). After the intra- 
cutaneous injection of tuberculin the blood was examined on each of the 
next 3 days. The blood examinations were then discontinued for 5 days 
and resumed on the sixth day. 

On the seventh day following the intracutaneous injection of tuberculin 
and approximately 9 weeks after the animals had been infected with tubercle 
bacilli, each of the calves was injected subcutaneously with a solution of 
tuberculin equivalent to 2 gm. of Old Tuberculin. In addition to the 
observations on the blood, the thermic reaction to the tuberculin was also 
recorded. The first postinjection temperature was taken 6 hours after 
the tuberculin was given and temperature readings were continued at 
intervals of 2 hours for 22 hours. The temperature readings were then 
discontinued for 10 hours after which 4 more temperatures were taken at 
intervals of from 4 to 14 hours (Fig. 1). 


After the completion of the experiment the animals were killed 
and submitted to postmortem examination. Marked and in some 
instances extensive lesions of tuberculosis were present in each of 
the 6 animals which had been injected with tubercle bacilli. The 
area of inoculation showed caseocalcareous lesions with involvement 
of the regional lymph nodes, the subscapular and axillary nodes 
being most often affected. Slight or early lesions of tuberculosis 
were demonstrated in the lungs of only 2 of the animals although 
the bronchial and mediastinal lymph nodes were involved in 4. 
In 3 instances lesions of tuberculosis were present in the spleen 
but in only 1 instance were lesions found in the liver. No lesions 
of tuberculosis were found in the control or non-infected calves. 

Quantitative and qualitative studies of the leukocytes obtained 
from the peripheral blood were made. ‘To detect anemia, parallel 
readings on red cell counts and hemoglobin estimations were made. 


* The tuberculin used was kindly furnished by the Bureau of Animal Industry 
of the U. 8S. Department of Agriculture. 
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The blood specimens were obtained from a freely flowing marginal 
ear vein and standard pipets were used for the dilution of the blood 
The amount of hemoglobin in grams per 100 cc. of blood was deter- 
mined by the use of the photoelectric hemoglobinometer described 
by Sanford and Sheard. The blood smears were stained according 
to the May-Griinwald-Giemsa method. For differential counts, 
200 cells were counted routinely and the absolute number of the 
different varieties per cubic millimeter of blood was calculated. 

Changes in the Peripheral Blood. ‘he blood picture before the 
infection and prior to the injection of tuberculin was noted mainly 
for the purpose of establishing a base line for the detection of 
qualitative and quantitative changes that might occur after tuber- 
culin was administered. 
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Fic. 1.—Thermic reactions following subcutaneous injection of tuberculin into tuber- 
culous calves; each calf received tuberculin equivalent to 2 gm. of Old Tuberculin. 


Changes Before Infection. Our data concerning the normal values 
for erythrocytes, hemoglobin and leukocytes were essentially in 
agreement with the data given for cattle by Kohanawa’ and by 
Wirth.? The average value for erythrocytes before tubercle bacilli 
were injected, for the 8 animals was between 5 and 7 millions. 
Miller® found the erythrocyte values for presumably normal animals 
of comparable age to be 6,080,000 to 8,648,000 per c.mm. of blood. 
The average value for hemoglobin in 100 ce. of blood in our animals 
was 11.45 gm., while Schmidt’ gives the mean value between 9 to 
13.6 gm. The normal leukocyte count for calves is according to 
Wirth between 12,000 and 15,000 per c.mm. and according to 
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Miller the mean value is 11,332; the S animals in our series showed 
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an average of 3 successive days of 10,024. According to Wirth, the 
majority of the white cells are lymphocytes, and the average differ- 
ential count is as follows: lymphocytes, 50%; neutrophils, 30%; 
eosinophils, 6%; basophils, 0.1%; monocytes, 5%. Hofferber* 
stated that even in healthy animals the neutrophils varied from 3 
to 65%. 

Changes After Infection. During the progress of the disease the 
blood picture of the tuberculous animals varied considerably 
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Fig. 2.—The total number of leukocytes and the absolute number of monocytes. 
granulocytes, lymphocytes and immature myeloid cells in thousands per c.mm. of 
blood. 


(Fig. 2). There was a considerable fluctuation of the leukocyte 
count and. an absolute increase in lymphocytes. There was also a 
slight increase in the number of monocytes. Occasionally, the 
presence of metamyelocytes was also noted. Hofferber stated that 
the presence of tuberculosis in cattle is indicated by the occurrence 
of a distinct anemia due to a decrease in the number of erythrocytes 
with a reduction of the hemoglobin content. We also observed 
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some reduction in the value of hemoglobin which was associated 
with a decrease in the erythrocyte count. The average value for 
hemoglobin for the 6 animals at the beginning of the experiment 
was 11.45 gm. per 100 cc. of blood and the average value for the 
6 animals 8 weeks after the infection was introduced was 8.93 gm. 
Similarly, the red cell count dropped from an average for the 6 calves 
of 5,600,000 per c.mm. of blood when the experiment began to an 
average value for the tuberculous animals of 4,800,000 at the end 
of the eighth week. In the 2 control calves no quantitative changes 
were noted in the hemoglobin values and the red cell counts. 

Changes After First or Intracutaneous Injection of Tuberculin. 
After the first or intracutaneous injection of tuberculin there 
occurred within 24 to 72 hours an increase in the total number of 
leukocytes which was accounted for largely by an excessive number 
of neutrophils (Fig. 2). At the same time the lymphocytes showed 
a definite tendency to diminish in number. The white cell count 
in the 2 control animals also showed some fluctuations during the 
first 3 days after the injection of tuberculin but the disproportional 
increase of the myeloid cells seen in the sensitized calves did not 
occur (Fig. 2). 

Changes After Second Injection of Tuberculin. Twenty-four to 
48 hours after the second injection of tuberculin the total leukocyte 
count of the sensitized calves showed a moderate rise which was 
characterized by a definite stimulation of the cells of the myeloid 
series. The increase in the leukocyte counts represented an abso- 
lute increase in the number of neutrophils with a marked shift to 
the left. Promyelocytes, myelocytes and metamyelocytes were 
readily demonstrable. All 3 varieties of the polymorphonuclear 
cells, the neutrophilic, the eosinophilic and the basophilic, were 
increased. The number of monocytes also showed an increase but 
as compared to the rise in the number of polymorphonuclear cells 
the increase was not so striking. The lymphocytes showed a 
definite tendency to diminish in number following the injection of 
tuberculin. Abnormal cells which resembled Tiirck cells and plasma 
cells, were also noted frequently. Studies of the blood of the 2 
control animals failed to show comparable changes. 

The morphologic characteristics of the leukocytes of the calves 
may be described briefly as follows: The individual cells of the entire 
myeloid series in cattle are normally of considerable size. The 
earliest forms of the myeloid series, such as myeloblasts and leuko- 
blasts, were not seen. The promyelocytes were characterized by a 
blue cytoplasm and a pinkish perinuclear zone, showing signs of 
acidophilic metamorphosis. The chromatin exhibited certain de- 
grees of condensation but still retained a delicate structure. The 
myelocytes had a definitely pink cytoplasm containing indistinctly 
staining large true neutrophilic granules. The round, oval or 
slightly indented nucleus of these cells contained well-defined chro- 
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matin and parachromatin, which gave a somewhat coarse appear- 
ance to the pattern of the nucleus. The metamyelocytes had 
definitely indented nuclei. The chromatin of the metamyelocytes 
was condensed and was similar in pattern to that of a mature 
granulocyte. There were numerous transitional forms from the 
metamyelocyte to the mature form of granulocyte. The mature 
neutrophils were similar morphologically to those of human beings, 
but differed from the latter in having very faintly stained, indistinct 
granules and being considerably larger in size. The eosinophils had 
a two- or a three-lobed nucleus and numerous large granules were 
present in the rather abundant cytoplasm which had a strong affinity 
for the acid stain. The eosinophilic myelocytes and metamyelo- 
cytes were similar to those of human beings. The basophils had a 
two-lobed nucleus and the cytoplasm was studded with a large 
number of distinct deeply staining granules. 

The lymphocytes varied in size and shape. The nuclei were 
round and contained coarsely condensed chromatin masses. The 
cytoplasm consisted of a narrow rim of variable width which stained 
blue and had a ground-glass appearance. It contained a few coarse 
azure granules. Occasionally, because of a deep blue color of the 
cytoplasm and a markedly coarse pattern of the chromatin, some of 
the lymphocytes resembled plasma cells. There also occurred cells 
with deeply staining cytoplasm in which the nuclear structure 
revealed a fine distribution of chromatin. These cells resembled 
the so-called irritation cells of Tiirck. The monocytes were char- 
acterized by a light blue, foamy cytoplasm containing fine azure 
granules. The nuclei of the monocytes were deeply indented or 
slightly convoluted and had a fine nuclear pattern. 

Comment. We have found but few reports in the literature of 
studies of the changes in the blood that occur following the admin- 
istration of tuberculin to tuberculous animals. Scholz,* in 1912, 
observed the hematologic changes in tuberculous calves, rabbits 
and guinea-pigs following the injection of old tuberculin and he 
noted an increase in the number of leukocytes and a decrease in 
the number of erythrocytes. Wirth also referred to the observa- 
tions of several authors who found that the injection of tuberculin 
into tuberculous animals provoked an increase in the number of 
leukocytes while very large doses of tuberculin resulted in leuko- 
penia. Recently, Hofferber studied the blood of tuberculous cattle, 
but he did not include the reaction to tuberculin in his investigation. 

In our work we have found that the injection of tuberculin into 
sensitized rabbits institutes a striking rise in the total leukocyte 
count. These changes represent an overstimulation of myeloid 
tissue. In the present study, while the total leukocyte count did 
not exhibit the striking rise noted in sensitized rabbits, the qualita- 
tive hematologic changes were essentially comparable. Following 
the injection of tuberculin into sensitized calves there occurred an 
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absolute and relative increase of neutrophils with a definite shift to 
the left which was reversible. The lymphocytes had a tendency to 
diminish during the period of the reaction to tuberculin while during 
the development of the tuberculous infection the lymphocytes 
definitely outnumbered the myeloid cells. It was also noted that 
the administration of larger doses of tuberculin was followed by the 
appearance of immature cells markedly in excess of the number 
that occurred following the first injection of tuberculin. 

The failure of tuberculin to provoke in the sensitized calves an 
increase in the total number of leukocytes of such spectacular 
proportion as we had observed previously in rabbits could not have 
been due to an inadequate sensitivity to tuberculin. That a marked 
state of sensitivity was present is evident from the profound systemic 
disturbance that followed the injection of tuberculin and from the 
marked increase in the temperatures that were recorded for the 
respective animals. The explanation for the failure of the leuko- 
cyte to occur in large numbers in the calves must be sought in the 
hemopoietic propensities of the myeloid tissues. Evidently the 
bone marrow of most cattle is incapable of a sudden, excessively 
large production of neutrophils, while the converse is true in the 
rabbit. Yamamoto'’ has shown that the bone marrow of rabbits 
under normal conditions is usually in a vigorous state of granulocytic 
activity. These immature cells are predominantly premyelocytic 
in character. Such an excess of immature cells, although normal 
for the rabbit, if found in other species would be strongly suggestive 
of a severe reaction to an infection or a leukemia of the myeloid 
type. The marrow of the sensitized bovine animal does, however, 
respond qualitatively to the stimulus of tuberculin and is capable 
of producing and releasing into the peripheral circulation many 
different varieties of immature myeloid cells. Although, in the 
bovine animal such early myeloid cells as leukoblasts and promyelo- 
cytes were relatively infrequent, their occurrence together with the 
regular appearance of myelocytes and metamyelocytes constitutes 
definite evidence of the same trend toward granulocytic stimulation 
as was true in the rabbits. In other. words, the differences in the 
myeloid reactions of the two species of animals is essentially one 
of degree. 

Conclusions. We feel, therefore, that the present observations 
justify the following conclusions: 1, tuberculin administered to 
sensitized calves provokes a leukocytic reaction comparable quali- 
tatively to that which has been described previously in sensitized 
rabbits, and 2, the character of the “leukemoid’’ reaction resembles 
the condition in human beings which Krumbhaar* designated by 


this term. 
REFERENCES. 


(1.) Feldman, W. H., and Stasney, J.: Am. J. Mep. Sct., 193, 28, 1937. (2.) 
Hofferber, O.: Arch. f. wiss. prakt. Tierheilk., 68, 50, 1934. (3.) Kohanawa, C.: 
Folia hematol., 36, 174. 1928. (4.) Krumbhaar, E. B.: Am. J. Men. Sct., 172, 


RELATION OF THE EOSINOPHIL TO THE GORDON PHENOMENON 27 


519, 1926. (5.) Miller, W. T.: Erythrocyte, Leucocyte and Hemoglobin Deter- 
minations on the Blood of Cattle, With a Note on the Blood in Johne’s Disease, 
Ann. Rep., New York State Vet. College, Cornell Univ., p. 71, 1932-1933. (6.) 
Sanford, A. H., and Sheard, C.: J. Lab. and Clin. Med., 15, 483, 1930. (7.) Schmidt, 
H.: Deutsch. Tieriirztl. Wcehnschr., 33, 901, 1925. (8.) Scholz: Centralbl. f. 
Bakteriol., 65, 189, 1912. (9.) Wirth, D.: Grundlagen einer klinischen Hiima- 
tologie der Haustiere, Berlin, Urban und Schwarzenberg, p. 114, 1931. (10.) Yama- 
moto, T.: Virch. Arch. f. path. Anat. u. Physiol., 258, 62, 1925. 


THE ETIOLOGIC RELATION OF THE EOSINOPHIL TO THE 
GORDON PHENOMENON IN HODGKIN’S DISEASE. * 


By C. Turner, M.D., 
ASSISTANT IN MEDICINE, HARVARD MEDICAL SCHOOL; ASSISTANT RESIDENT PHYSICIAN, 
THORNDIKE MEMORIAL LABORATORY, BOSTON CITY HOSPITAL, 


Henry Jackson, Jr., M.D., 
ASSISTANT PROFESSOR OF MEDICINE, HARVARD MEDICAL SCHOOL; ASSOCIATE PHYSICIAN, 
THORNDIKE MEMORIAL LABORATORY, BOSTON CITY HOSPITAL, 


AND 
FREDERIC PARKER, Jr., M.D., 


ASSOCIATE PROFESSOR OF PATHOLOGY, HARVARD MEDICAL SCHOOL; PATHOLOGIST TO 
THE BOSTON CITY HOSPITAL, BOSTON, MASS. 


(From the Second and Fourth (Harvard) Medical Services, the Thorndike Memorial 
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the C. P. Huntington Memorial Hospital, and the Department of Medicine, 
Harvard University.) 

In 1932, Gordon* reported that the tissues of Hodgkin’s disease 
contain an apparently specific pathogenic agent. He had found 
that the injection of lymph node suspensions into the brains of 
rabbits induces a paralysis similar to that seen in the encephalitis 
caused by herpes or vaccinia virus. Subsequent investigation of 
this phenomenon has led to considerable controversy regarding 
both its nature and its significance. 

Numerous studies have been made of the use of the Gordon test 
as a practical diagnostic procedure.'*»:"2. It has been shown to 
be positive in about 75% of all cases of Hodgkin’s disease and almost 
invariably negative in other lymph node malignancy.’ A few false 
positives have been noted, however,'*:? and final judgment of the 
test has therefore awaited the determination of the character of 
the pathogenic agent involved. Thus there seems at present neither 
unanimity of opinion nor a theory entirely consistent with the facts. 

Gordon’s early belief that he was dealing with a filterable virus 
has not received support from recent studies.'*!° That the patho- 
genic agent is ultramicroscopic in size and that the disease which 
it produces in animals bears certain marks of an infectious process 
cannot be disputed. On the other hand, its cultivation in vitro 
and its serial transmission from animal to animal have not been 
accomplished.!° Moreover, animals that recover from an initial 
attack of paralysis are none the less susceptible to a second injec- 


* Read in part before the American Society for Clinical Investization, May 3, 1937. 


28 TURNER, JACKSON, PARKER: 


tion of pathogenic substance,''°"* whereas most virus infections 
confer a permanent immunity after recovery. 

Another hypothesis was suggested by the work of Friedemann 
and Elkeles,? who showed that a paralysis indistinguishable from 
Gordon’s may be produced with extracts of normal human bone 
marrow or leukocytes. The pathogenic agent present in these 
tissues might therefore be identical with that found in Hodgkin’s 
disease, both being derived from the white blood cells.2 The 
similarity of the biologic properties of the agents derived from these 
various sources has led to the complete acceptance of this idea by 
2 recent investigators. On the other hand, it is puzzling to find 
the pathogenic substance lacking from so many tissues containing 
large numbers of leukocytes. Thus, it is absent from some speci- 
mens of bone marrow and of pus. Moreover, evidence has not 
yet been brought forth to indicate that the lymph nodes of Hodgkin’s 
disease which give a negative Gordon test differ in cellular structure 
or in their content of leukocytes from those which give a positive 

An explanation for this discrepancy lies in the possibility that a 
particular type of white blood cell, rather than all types collectively, 
might be the determining factor. Observations made during the 
past year, and now to be reported in this paper, support this con- 
ception and indicate further that the responsible cell is, specifically, 
the eosinophil. 

The evidence for a relation between eosinophil and pathogenic 
agent as they occur in the tissues of Hodgkin’s disease is first 
considered. 

Method. In the performance of the Gordon test the technique originally 
prescribed™ has been followed. The lymph node to be examined is minced 
in a mortar and suspended in 9 parts of beef infusion broth. The prepara- 
tion is now transferred to the refrigerator where it remains for a week or 
more. This preliminary period of storage is essential because autolysis is 
apparently concerned in the production of pathogenic substance.*« After 
maceration has been allowed to take place for 1 to 2 weeks, injections are 
made into the occipital lobe of the brains of rabbits of guinea pigs. In 
positive cases the animals develop ataxia and paralysis after an incubation 
period of 2 to 14 days. 

During the past year material from all lymph nodes coming under 
observation has been subjected to the Gordon test according to this method. 
It is important to point out that each preparation has been tested not only 
— the customary 1 to 2 weeks of refrigeration but again several months 
ater. 


Results. Eleven lymph nodes showing the histologic changes of 
Hodgkin’s disease have been tested (Table 1). The result has been 
judged positive only when at least 2 animals have developed the 
typical paralysis, negative only if all of 2 or more animals have 
remained normal after injection. In 5 instances the test was posi- 
tive, in 6 it was negative. In 3 of the former the test performed 
at 2 weeks was negative, but the later test was positive (Nos. 346, 
368, 373 B, Table 1). Thus although the minimum period of storage 
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necessary to the fullest vield of pathogenic substance cannot be 
estimated with accuracy, it would appear to be longer than the 
2 weeks heretofore in general use. 

Early in the present investigation it had been impossible to 
correlate any feature of the histologic structure of the involved 
lymph nodes with the presence of the pathogenic substance; but 


TABLE 1.—Resutts or Test HopGKIN’s DISEASE. 


Result of initial test Result of second test performed 


No. after storage of after length of storage 
10 to 14 days. indicated. 
0 0 4 
0 0 5 


when 3 late positive results appeared reéxamination of the patho- 
logic sections was undertaken. It was then found that when the 
Gordon test had been positive eosinophils were invariably present, 
and that in each case their number roughly paralleled the rapidity 
of development of pathogenic agent. Thus, the 2 lymph nodes 
which gave a positive result at 10 days contained many more eosino- 
phils than did the 3 late positive cases. On the other hand, when 
the Gordon test was negative eosinophils were remarkably rare or 
absent. 

One case of particular interest was that of a boy from whom a 
piece of spleen and a cervical lymph node were removed at post- 
mortem examination. Suspensions were prepared from each speci- 
men for the Gordon test (Nos. 373 A and B, Table 1). After 
5 months the lymph node gave a positive result while the spleen 
remained negative. Histologically, both tissues showed extensive 
replacement by typical Hodgkin’s granuloma, but the lymph node 
contained a moderate number of eosinophils and the spleen almost 
none. 

In the control series of 12 cases (Table 2), the Gordon test was 
negative throughout and eosinophils were not found in any of the 
corresponding sections. It would appear, therefore, that the eosino- 
phil itself might well be responsible for the Gordon phenomenon.* 

In order to test the significance of this correlation, experiments 
were carried out in a comparable manner with suspensions of normal 
leukocytes. 

By differential centrifugalization the leukocytic cream was sepa- 

* A study of the Gordon phenomenon in a variety of non-Hodgkin's cases of 
eosinophilia is obviously indicated but we have not been able to undertake this at 


the present time. 
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rated from the oxalated whole venous blood of normal and variously 
diseased individuals, some of whom had a high degree of eosinophilia. 
Differential white blood cell counts were made on smears taken 
directly from the leukocytic cream, which was then suspended in 
2 cc. of beef infusion broth. It was now possible to determine the 
number of each type of leukocyte per c.mm. The preparations 


TABLE 2.—GorpDON Test 1N ContTROL LymMpH NODEs. 


Duration of storage 


No. Diagnosis. to last testing. Result. 
348 . Branch. cyst 16 days 0 
349 . . . . . Carcinoma 10 wks. 0 
350 . . . .  . Sarcoma 10 days 0 
352. . . . Tuberculosis * 
355. . . . Chronic inflammation 10 wks. 0 
359. . . . .  Sarcoid 2 mos. 0 
362. . . . Chronic inflammation 0 
364. . . . . +. Lymphatic leukemia 13 days 0 
365. . . . Lymphatic leukemia 3 wks. 0 
370. . . . . Careinoma s 0 
. . . . Sarcoma 8 days 0 


were heated to 56° C. for 1 to 1} hours in order to insure sterility. 
It has been shown that a temperature of 56° C. for 24 hours will 
not injure the pathogenic agent.’ Supernatant fluid from each 
suspension (0.2 cc.) was then injected into the occipital lobe of a 
guinea pig (Table 3). Any suspension containing 2000 eosinophils 
per c.mm. or more produced a paralysis indistinguishable from that 


TaBLE 3.—Gorvbon Test or LEeuKocyTic CREAM. 


Bé 
1 | Normal 17,900 6,802 9,129 1969 0 0 Neg 
2 | Carcinoma 45,000 38,872 4,972 900 0 0 Neg 
3 | Normal 22,500 14,850 5,625) 1800 225 0 Neg 
4 | Normal 14,000 7,560 5,180 980 280 0 Neg 
5 Pneumonia 31,600 24,964 4,108 1896 316 0 Neg 
6 Normal 12,000 7,080 3,600 720 360 240 Neg 
7 | Heart disease 28,600 23,452 3,146! 1430 572 0 Neg 
8 | Normal 17,000 , 8,500 7,310 510 680 0 Neg 
9 | Normal 32,750 18,312 10,791 2616 981 0 Neg. 
10 | Pulmonary tbe. 12,300 7,257; 2,214 738 2,091 0 + 
11 | Rheumatic fever 26,300 13,000 10,257 789 2,104 0 + 
12 | Trichiniasis 23,000 10,810 8,280 920 2,990 0 + 
13 | Asthma 29,250 20,400 4,380 292 3,796 0 + 
14 | Asthma 29,500 17,405, 5,900 295 5,900 0 + 
15 | Trichiniasis 45,000 17,550 | 15,300 900 | 10,800 0 + 
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seen in the positive Gordon test, while the numbers of any other 
type of white blood cell appeared to exert no such influence. 

From Table 3 it appears that the critical number of eosinophils 
lies between 1000 and 2000 per c.mm. of suspension. It may be 
assumed that about the same number is necessary to the potency 
of lymph node preparations. A first approximation to the minimum 
' number of eosinophils which should therefore be present in an 
ij average oil-immersion field of the microscopic sections from such a 
lymph node may be calculated as follows: 


(1500 +500) X area of oil field X thickness of section 


Eo = 


Titer of suspension (expressed as fraction) 


With the microscope used in the present work this becomes 


(1500 +500) X 0.017 mm? X 0.006 mm. 
Eo = —— = 1.5+0.5 
1/10 


Actual eosinophil counts were made on the sections from all cases 
of Hodgkin’s disease. The mean number of these cells per oil field 
was found to be less than 1 in each case in which the Gordon test 
had been negative, 1.5 to 3 in each case in which the test had been 
positive only after several months, and from 10 to 20 in those cases 
which had given a positive result at 2 weeks. These findings are 
evidence for the validity of the above formula. 

Comment. The data which have been presented show that devel- 
opment of pathogenic substance in the lymph nodes of Hodgkin’s 
disease or in normal myeloid tissue takes place only in the presence 
of a certain critical number of eosinophils and appears to be inde- 
pendent of all other types of leukocytes. If this is confirmed by 
future investigation the origin as well as the identity of the agents 
of Gordon and Friedemann would seem to be clearly established. 

It follows that the Gordon test is of little value as a practical 
diagnostic measure: since it might be positive in any condition in 
which the tissues are infiltrated by eosinophils. Thus it has been 
shown to be positive in a lymph node involved by metastatic car- 
cinoma with eosinophilia.® 

The suggestion has been made that if the agent found in Hodgkin’s 
disease were proved to be identical with that found in bone-marrow, 
support would be lent to Medlar’s hypothesis that Hodgkin’s 
disease is a megakaryocytoma, or bone-marrow tumor. Since the 
agent is not specific to the marrow but to a cell found in numerous 
other organs and tissues such support disappears. 

The exact nature of the pathogenic agent remains unknown. It 
appears to develop from the tissues of primates only!® and it is 
therefore similar to, and possibly identical with, the Charcot-Leyden 
crystal, which has long been looked upon as a derivative of the 
primate eosinophil. 
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In conclusion, it would appear that the human eosinophil is dis- 
tinguished among leukocytes in giving origin to the peculiar sub- 
stance which was first demonstrated by Gordon in the lesions of 
Hodgkin’s disease. It is to be hoped that future studies of this 
substance may throw light upon the functions of the eosinophil itself. 

Summary. 1. In a series of 11 cases of Hodgkin’s disease the 
Gordon test has been positive only when eosinophils could be found 
in the corresponding microscopic sections. The number of these 
cells was found to parallel the rapidity of development of the patho- 
genic substance upon which the positive test depends. 

2. The pathogenic agent described by Friedemann and Elkeles in 
myeloid tissues has been shown to be present only in those suspen- 
sions of leukocytic cream that contain more than a certain number 
of eosinophils. 

3. Gordon’s agent and Friedemann’s agent would both therefore 
appear to be derived from the eosinophil and consequently are 
probably identical. 

4. The Gordon test is positive in Hodgkin’s disease only by virtue 
of the presence of eosinophils in the lesions of this disorder. 
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A STUDY OF TUBERCULOUS SPLENOMEGALY AND 
SPLENOGENIC CONTROLLING OF THE CELL 
EMISSION FROM THE BONE MARROW. 


By J. ENGELBRETH-HoLm, M.D.,* 


(From the Institute for Pathology, Kommunehospital, Copenhagen.) 


By tuberculous splenomegaly is understood that clinical picture 
which is characterized by an enlarged tuberculous spleen, without 
or with only slight tuberculosis in other organs. Anomalies of 
different kinds as a rule are present in the peripheral blood. The 
term “primary tuberculosis of the spleen’’ is inadequate and mis- 
leading, as tuberculosis of the spleen must always be secondary. 
Most modern writers now agree in calling the condition tuberculous 
splenomegaly. 

The disease is comparatively rare; from the whole world we have 
reports of only about 80 cases. It may therefore be of some interest 
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to give a survey of its features, both because 4 new cases have been 
observed and because the changes in the blood picture throw light 


on the influence of the spleen on the bone-marrow function. —— 


The common tuberculosis of the spleen seen in cases of generalized 
tuberculosis will not be mentioned in this report. According to 
Winternitz,*! 67% of 400 cases of tuberculosis in children, and 19% 
of more than 800 cases in adults, showed tuberculosis of the spleen. 
Klotz!’ found it in 69 of 172 postmortems in tuberculosis; Lubarsch” 
in 41.5% of 718 cases of chronic tuberculosis and in every case of 
generalized and miliary tuberculosis. Not one of these cases, how- 
ever, showed a splenomegaly caused by tuberculosis. 


Case Reports. Case 1.—A woman, aged 68, entered the hospital on 
May 6, 1935 (Kommunehosp. VII Dept. Jour. 596/1935). She had been 
suffering from myxedema since 1919. Treated with thyreoidine. For the 
past 2 months complaints of lassitude and giddiness. Her physician pre- 
scribed iron for her anemia (hemoglobin 50%). The condition became 
aggravated and she was admitted to the hospital. 

Physical examination on admission gave the following findings: Height, 
152 em.; weight, 68 kg. Markedly anemic with slight jaundice; tongue 
smooth with papillary atrophy; no palpable enlargement of liver or spleen. 
The chief complaints were want of appetite and lassitude. While in the 
hospital there was now and then slight fever (38° C.). 

Laboratory findings: Stools contained no blood; Wassermann reaction 
negative; test meal (40 min.): achylia; urine, negative. 


TABLE 1.—BtLoop FINpINGS IN CaAsE 1. 


Date . : . /7 5/9 5/29 6/14 6/29 7/12 7/19 
Hemoglobin, % « BO 60 410 &:0 2:0 
Erythrocytes (mill./e.mm.) 2.3 2.4 2.1 1.8 1.6 2.0 2.78 
Color index . 1.2 1.3 1.12 
Icterus index « LEDS 8.0 9.0 6.0 9.0 
Sedimentation rate (mm./lh.) .... 126 | T 
Leukocytes (thous./c.mm.) 2.3 2.0 2.4 
Platelets (thous./e.mm.) . . .... 233.0 115.0 

Treatment with Treatment with 

“*Pylorin”’ liver 


Pernicious anemia: was diagnosed and the patient treated with liver 
extracts, hydrolysated casein and gastric preparation (Pylorin, Leo) without 
effect. Daily determinations of the percentage of reticulocytes showed no 
rises beyond 2 to 3%, only once 3.9% was recorded. 

Death occurred after sudden chills with high temperature. 

Autopsy (performed by the author the following day; 521/1935): Pale 
skin. Slight papillary atrophy of the tongue and some hypoplasia of the 
lymphatic tissue at the base of the tongue. Pleural cavities, negative. 
Lungs, heavy, large, very much congested, edematous. No pneumonia. 
The lymph nodes of the hilus were of walnut-size, and very firm. The cut 
surface was light yellow. No necroses or abscesses. The heart was negative. 
The liver weighed 1560 gm., of usual size and form, but firmer than usual 
and somewhat congested. The pancreas, kidneys and urine bladder were 
negative. The spleen weighed 460 gm. The capsule was somewhat thick- 
ened, with scattered hyaloserositic spots. The cut surface was in one color, 
bright red, the pattern obscured. The pulp was firm, fragile but not dense. 
In the pulp were two yellowish-white nodules of pea-size. The femoral 
bone marrow was deep red, mushy. 
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Microscopic Examinations. Spleen: Marked hyperplasia of the red 
pulp with numerous reticulum cells and marked congestion. Lymphatic 
follicles were few, of the usual type, mostly very small. Numerous scattered, 
partly confluent small nodules built up of epithelioid cells. In these nodules 
several typical Langhans’ giant cells. Little or no necrosis. Connective 
tissue was not increased. Liver: Slight vacuolar degeneration of paren- 
chyma. A few small typical nodules of epithelioid cells found in the peri- 
portal spaces. Lymph node from hilus: Confluent areas of epithelioid 
cells with Langhans’ giant cells. Large areas of necrosis with scattered 
foci of calcification. Bone marrow (femur): Marked hyperplasia with only 
very few fat cells. Myelocytes, promyelocytes and normoblasts dominating. 
No abnormal cells. No mitoses. Considering the age of the patient, the 
hyperplasia is outstanding. 

In Ziehl-Neelsen-stained slides of liver and spleen no tubercle bacilli 
were found. 

Diagnoses. Tuberculous splenomegaly. Miliary tuberculosis of the 
spleen and liver. Tuberculosis of pulmonary lymph nodes. Edema and 
congestion of lungs. Marked hyperplasia of bone marrow. Anemia. 

Case 2.—A woman, aged 44, had since 1922 been slightly jaundiced, 
after a onset with high temperature of 2 weeks’ duration. Since then loss 
of weight (35 kg.) and weakness. Hospitalization had been necessitated 
several times because of hematemeses; on one occasion hemorrhagic purpura 
was noticed. Since 1932, when she again suffered from hematemesis, pur- 
pura and enlargement of the spleen and liver, the patient has been out of 
work. A progressing anemia and ascites now developed and she entered 
the hospital on July 1 (Finsen Institute, Surg. Dept., 10604/1936). 

Physical Examination. A fairly well-nourished woman with slightly 
icteric and brown pigmented skin. After draining a considerable ascites 
(6000 ce.), the enlarged liver and spleen were palpated. The rest of the 
physical examination was negative. For blood examinations see Table 2 

The fragility of the red cells was normal (lower limit; 0.30% and upper 
limit, 0.42% of saline). Tests of the liver function with galactose and exam- 
ination for quinine-resistant lipases in serum showed normal findings. 
Wassermann reaction was negative, Mantoux reaction with 0.01 mg. of 
tuberculin: after 24 hours slightly positive; after 48 hours negative. Blood 
pressure (systolic) was 130 mm. Hg. Roentgen ray examinations of the 
lungs showed no signs of tuberculosis. 


TABLE 2.—B.Loop FINDINGS IN CASE 2. 


Date « |4/25/35|7/2/35 7/20/35 8/26/35 9/25/35 | 10/22/35 | 10/29/35 
Hemoglobin, % . « « | 48 5.0 54.0 67.0 62.0 67.0 70.0 
Erythrocytes (mill./e.mm.) 2.83 4.26 3.36 3.99 3.68 
Color index es 0.82 0.8 0.86 0.8 0.93 0.84 0.95 
Icterusindex . .. . 5.0 | 6.0 | 5 5.0 
Sedimentation rate . . 86.0 27.0 §& 55.0 32.0 30.0 base 45.0 
Leukocytes (thous./¢.mm.) 2.9 3.1 9.6 9.4 11.9 8.2 
Platelets (thous./e.mm.) . 240.0 359.0 

Differential count (%): = 
Neutrophils, non-segmented 7.0 40 7.0 8.0 1.0 3.0 1.5 
Neutrophils, segmented . 62.0 55.5 72.0 57.0 69.0 74.0 59.0 
Eosinophils (abs. Nos. in 

brackets) ~- 3.5 (400) 3.5 (560) 2.5 (190) 1.5 (160) 3.5 (250) 
Monocytes. ... . 8.0 9.0 12.5 10.0 8.0 5.5 6.5 
Lymphocytes . . . . 22.0 28.5 5.0 21.5 20.5 16.0 29.5 


Banti’s disease was diagnosed and on July 5, 1935, a splenectomy was 
performed. Following the operation an empyema developed in the left 
pleural cavity. The empyema was drained, there were no tubercle bacilli 
in the pus. The patient recovered; the enlargement of the liver diminished. 
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When she was discharged, there was no jaundice, the blood picture was 
almost normal (Table 2). Two sternal punctures were performed; the 
results will be discussed later. 

She is still without complaints 14 months after discharge from the hos- 
pital; no ascites has reformed. The only complaint is a moderate lassitude. 

Examination of the Removed Spleen. Size: 30 by 25 by 10 cm. Several 
small accessory spleens were found. The surface is smooth, the cut surface 
of a brownish-red color without the usual pattern. The tissue is fragile, 
firm. No distinct trabeculae. Microscopically the capsule is normal. The 
pulp shows a marked increase of the reticulum cells. No congestion, no 
increase of phagocytosis. The Malpighian bodies are few and small, with- 
out the usual pale centers. Several small scattered nodules seen. These 
partly confluent nodules consist of epithelioid cells with several giant cells 
of Langhans’ type surrounded by lymphocytes. No necroses. Most of 
these typical tubercles are in intimate relation to the lymphoid follicles. 
There is no increase of the connective tissue. No tubercle bacilli found. 
An accessory spleen gave the same findings, but more pronounced. 

Diagnosis. Miliary tuberculosis of the spleen. 

Case 3.—A man, aged 46, entered the hospital on August 28, 1934 
(Holbek Amtssygehus, Jour. 1262/1934). Five years earlier the patient 
had suffered from an attack of feverish pleurisy. Since then loss of weight 
(10 kg.) and lassitude. On admission his chief complaint was right abdom- 
inal pain. He had similar attacks of pains before and was believed to suffer 
from a renal calculi. He also complained of slight fever, cough and noc- 
turnal sweat. 

Physical Examination. A large tumor in the left side of the abdominal 
cavity was palpated. The skin was pale but not icteric. Laboratory 
findings include: Hemoglobin, 81%; red blood cells, 3.41 mill. per c.mm. 
blood. Sedimentation rate, 39 mm. in 1 hour. The fragility of the red 
blood cells was normal (lower limit, 0.30%; upper limit, 0.45% of saline) 
blood urea, 20 mg.%. Wassermann reaction negative. Pirquet reaction 
negative (tested twice). 

At operation, the palpated tumor was found to be an enlarged spleen, 
which was removed. The spleen weighed 1700 gm. (26 by 18 by 7 cm.). 
The patient recovered. On discharge, the sedimentation rate of the red 
blood cells had decreased to 3 mm. in 1 hour. 

Microscopic Examination. The tissue is transformed to partly discrete, 
partly confluent nodules of epithelioid cells, with a varying number of 
mostly typical Langhans’ giant cells. These nodules are so numerous that 
the ordinary tissue of the spleen is reduced to a minimum. In some areas 
nothing but a fibrillary connective tissue is left between the nodules and 
is uniting them. In other areas. atrophied pulp tissue found with dilated 
sinuses and atrophic follicles. No signs of necroses in the nodules, but 
scattered incipient dry necrosis of the connective tissue between the tuber- 
cles observed. There is a slight infiltration of lymphocytes between the 
nodules and a few plasma cells (F. Gregersen). 

Case 4.—A woman, aged 57, since 1931 has complained of increasing 
lassitude. She has been unable to work because of giddiness, ringing in the 
ears and dyspnea on exertion. The appetite has decreased. Admitted to 
hospital on April 4, 1936 (Kommunehosp. Dept. II Jour. 113/1936). 

Physical Examination on Admission. Marked pallor of the skin and 
pronounced jaundice. Height, 158 cm., weight, 50 kg. There is slight 
fever (38° C.). The rest of the examination reveals nothing of interest. 

Laboratory findings include: Wassermann reaction negative. Blood 
pressure, 165/85. Urine negative. Test meal (45 min.) 50 c.cm. free acid 
8 to 10 and total acid 20 to 35. Roentgen ray examination of the bones 
was negative. The fragility of the red cells was much increased: Lower 
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limit 0.44 to 0.56, and upper limit 0.76 to 0.806; of saline (3 different exami- 
nations). The blood showed a hyperchromic anemia with good bone-marrow 
response (Table 3). 

Sternal marrow puncture showed an extraordinary hyperplastic bone 
marrow with an abundance of cells. Erythropoiesis was very much in- 
creased, partly megaloblastic in type. Differential count: Hemocyto- 
blasts and megaloblasts, 8.4%; erythroblasts, 58.4°%; erythroblasts in mito- 
tic division, 1.4%; myeloblasts, 1.4%; promyelocytes, 3°; myelocytes, 
6.6%; eosinophil myelocytes, 0.89%; neutrophil metamyelocytes, 12.8°%; 
neutrophils, 4.2%; eosinophils, 0.2%; lymphocytes, 2.8°%. 


TABLE 3.—BLoop FINDINGS IN CASE 4. 


Date i ad 7/30 9/7 10/7 11/7 12/7 2/4 3/13 4/13 
Hemoglobin, %  . - - 45.0 8 60.0 | 70.0 70.0 80.0 55.0 55.0 55.0 
Erythrocytes, mill./e.mm. 20 @ 2 2.6 | 2.6 | 2.8 | 2.4 2.4 2.4 
Color index 1.15 1.25 1.35) 1.35! 1.45! 1.12) 1.12 1.12 
Volume of packed cells. 17.17| @ 23.0 24.0 24.0 26.0 23.0 
Volume index.» - - 1.25 1.35 1.35 1.45 1.15) 1.17 1.17 
Reticulocyte, me . 26.1 = : 46.0 42.0 31.0 |; 
Sedimentation rate P - 80.0 be} 127.0 121.0 2 
Icterus index . . . 20:0 16.0 
Platelets (thous./e.mm.) = 188.0 
Leukocytes (thous./e.mm.) 19 7 > 9.0 8.5 6.1 =| 8.1 
Differential count (%): 
Neutrophils, non-segmented g ‘3 = 21.0 31.5 
Neutrophils, segmented . 43.0 |37.5 78.0 
Hosinophils. ....|48 3.0 3.0 
Basophils Bic 1.0 1.0 
Monocytes. . . . .|45 1/188 12.0 11.0 2.0 
Lymphocytes » 13.0 ‘14.0 15.0 
Erythroblasts 2'0 


* Daily determinations of the percentage of reticulocytes before the treatment showed from 
26 to 37%. During the treatment the percentage rose to 46%. 


The patient was treated energetically with iron tartrate and injections 
of liver extracts which caused a slight rise in the percentage of reticulocytes, 
but was followed by no noticeable improvement of the condition. Splenec- 
tomy was therefore performed, but immediately after the patient died from 
a thrombosis of the vena cava. 

Autopsy (By the author, next day. Path. Inst. Kommunehosp., 326/1936) 
Skin was pale and markedly icteric. Pleural cavities and lungs revealed 
nothing of note. The heart was negative. In the peritoneal cavity was 
200 ce. hemorrhagic fluid. The gastro-intestinal tract was negative. The 
liver was of usual size and form. On section, the color was yellowish-brown, 
the pattern obscured. There was a total thrombosis of the splenic and 
portal veins. The kidneys were negative. The femoral bone marrow was 
dark red and hyperplastic, mushy. The removed spleen weighed 400 gm. 
(15 by 13 by 6 em.) and was of dark, purplish-red color. The surface was 
smooth, the cut surface deep red, the Malpighian bodies were obscured 
and no trabecule could be seen. 

Microscopic Examination. Spleen: The pattern was totally obscured; 
the Malpighian bodies were very small and few. The pulp contained many 
red cells, and especially a great number of reticulum cells. Only very little 
phagocytosis. In connection with the few trabeculae and the remnants of 
the lymphatic tissue numerous typical tubercles were seen, partly as dis- 
crete nodules, partly as confluent areas with giant cells of Langhans’ 
type. No necrosis was noticed. No tubercle bacilli were found. Liver: 
The cells were arranged in the usual pattern. Slight increase of bile pig- 
ment. In the portal tracts there was a moderate infiltration of lymphocytes 
and, where this was pronounced, small nodules of epithelioid cells and giant 
cells. Bone marrow (lumbar vertebra): Very cellular, marked hyperplasia. 
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No fat cells. The majority of the cells were normoblasts and megaloblasts. 
Among the white cells the more mature cells predominated. Bone marrow 
(from femur): The same picture as in the marrow from the vertebra, yet 
the hyperplasia was more marked. 

Diagnosis. Status post splenectomiam. Thrombosis of the portal and 
splenic veins. Miliary tuberculosis of the spleen and liver. Anemia and 
jaundice. Hyperplasia of the bone marrow. 


Discussion. (linical Picture and*Treatment. In all 4 cases the 
chief complaints were marked weakness and lassitude, and consider- 
able loss of weight; also anemia and in 3 of the 4 jaundice of varying 
degree. These symptoms have been present during long periods 
from a few months to several years. In addition, all showed periods 
with slight fever. Of other symptoms the following have been 
noticed: Hematemesis, ascites, purpura, achylia, enlargement of 
liver and spleen, coughing, dyspnea and nocturnal sweating. Finally, 
rather considerable changes in the blood picture were observed: 
anemia with hemoglobin percentages of about 40 to 50 (only Case 3 
had 81%), leukopenia 2 to 4000 white blood cells per c.mm. of 
blood (only Case 4 gave normal counts), and moderate thrombo- 
cytopenia, in 2 of the cases (Cases | and 4) with purpura. These 
changes in the blood were so outstanding that the conditions were 
diagnosed as pernicious anemia (Case 1), Banti’s disease (Case 2) 
and acholuric jaundice (Case 4). 

A noticeable increase of the sedimentation rate of the red blood 
cells was found in all cases (126, 86, 39 and 127 mm. in 1 hour). 
This finding has not been mentioned in previous reports of tuber- 
culous splenomegaly. Unfortunately, we are unable to analyze 
the causes of this change. ‘ 

The diagnosis of tuberculous splenomegaly was not made until 
the operation or the postmortem examination, when the enlarged 
spleen with miliary tuberculosis was observed. This was also the 
case in all the previous reports of this disease. 

Of the cases here reported, 3 were operated on. One died of a 
thrombosis in the portal vein, the other 2 lived and essentially im- 
proved. After 14 months 1 of these 2 patients was quite all right 
but for her complaining of a slight lassitude. 

Winternitz,* in 1912, gave a report of 51 cases, from which we 
learn the following of the disease: 

Tuberculous splenomegaly occurs in all ages from 1 to 80 years, 
but more: frequently between 20 and 40. Males and females are 
equally affected. If no splenectomy is performed, the disease will 
be fatal in 6 months to 14 vears. Now and then more acute cases 
are seen. Of 17 patients who were operated on, 10 recovered. The 
chief symptoms are weakness, loss of weight, pains or a sensation 
of heaviness in the left side of the abdomen. An enlarged spleen 
can be palpated in some cases. In most of the patients a moderate 
febrility and changes in the blood picture have been noticed. 
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Even if the symptoms caused by the enlarged spleen are improved 
by splenectomy, the prognosis will always be dubious, as most of 
the patients are suffering from tuberculosis in other organs. In 
Winternitz’ material 40% of the patients had tuberculosis of the 
lungs, 10% to a considerable degree. Furthermore, Winternitz 
states that tuberculosis of the liver was found in 80%, of the lymph 
nodes in 57% and in different organs in 66%. In one patient only 
no tuberculosis was found outside the spleen. 

The splenomegaly is considerable. Of 31 cases the weight of the 
spleen was 150 to 1000 gm. in 13, 1000 to 2000 gm. in 13, and 2000 to 
4000 gm. in 5. The anatomic changes of the spleen as a rule are 
dominated by diffuse miliary tuberculosis of large areas of tubercu- 
loid tissue with, or more frequently without, caseous necroses. 
Tubercle bacilli were found in 17 of 24 cases in which a Ziehl-Neelsen 
stain was made. 

From past years reports of other 28 cases have been given.2~*:& 9"! 
13,15,16,19,22,24—27,29,31,34 

On all significant points these 28 reports confirm the statements 
of Winternitz, except that the age of the patients differs a little, 
most of the reports dealing with patients from 21 to 74 years. The 
clinical picture is the same. Generally the duration of illness before 
hospitalization was 6 months to 2 years; in a few cases up to 8 to 
10 years. Of 16 patients who were operated on, 14 survived. Of 
these, however, 7 died of tuberculosis of the lungs or generalized 
tuberculosis sooner or later after the operation, 2 of them after 6 
months. Two died after 1 and 23 years, respectively (no statement 
as to the cause of death), 1 after 3 years without signs of tubercu- 
losis, and 1 lived more than 7 years. 

Though the prognosis is said to be very dubious without splenec- 
tomy, it will be seen that it is slightly better when splenectomy is 
performed. However, most writers regard tuberculous splenome- 
galy as an absolute indication for operation. 

A few patients have been treated with Roentgen rays or radium. 
Hallermann" claims to have achieved a remission of 4 years’ dura- 
tion by means of Roentgen ray treatment in a case of tuberculous 
splenomegaly where the spleen weighed 2850 gm.; Head” treated 
a case of alleged tuberculous splenomegaly with radium and ben- 
zene, and Schwensen*® one with Roentgen rays with consequent 
improvement, but Lubarsch” reported on a patient who was treated 
with Roentgen rays without effect. 

It is of peculiar interest that Pirquet’s reaction was found to be 
negative in 3 cases. The reaction was not tested in the rest of the 
material, which most probably is explained by the fact that tuber- 
culosis was not taken into consideration or diagnosed until the 
operation or the autopsy. 

The weight of the spleen in these 28 cases was from 640 to 2850 gm. 
Tubercle bacilli were found in 8 of 9 cases. 
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The blood changes will be discussed later. 
In only one case was the proper diagnosis made before the opera- 
tion (Kriimmel'’). This patient was suffering from a generalized 
tuberculosis, and the enlargement of the spleen was therefore be- 
lieved to be of tuberculous origin too. In general, it will most prob- 
ably be impossible to make the diagnosis tuberculous splenomegaly 
unless the patient is operated on or a spleen puncture made. 

Banti’s disease, splenomegalies of different etiology and various 
blood diseases are those most often confused with tuberculous spleno- 
megaly. Some authors stress the age of the patient and attacks of 
slight fever as distinguishing tuberculous splenomegaly from the 
conditions mentioned, but these are doubtful criteria. Without 
puncture of the spleen or splenectomy it is hardly possible to make 
the differential diagnosis between the various forms of chronic 
splenomegaly, Banti’s disease or whatever term may be preferred 
for this clinical picture. 

Pathologic Anatomy. The outstanding feature is the spleno- 
megaly, a rare form of tuberculosis of the spleen. Of 172 cases 
of tuberculosis in 404 autopsies, Klotz!? found 69 with tuberculosis 
of the spleen, but none exhibited splenomegaly. Lubarsch” found 
only 2 splenomegalies in 300 cases of tuberculosis of the spleen, of 
which he distinguished 4 types of tuberculous splenomegaly: in- 
durated, miliary, hemorrhagic and nodular. All 4 of our cases belong 
to the miliary form. Its characteristics are: Considerable enlarge- 
ment (average weight about 1000 gm.), smooth surface, normal 
capsule. The cut surface is reddish-blue or purple; the pulp firm, 
friable, with pattern obscured. In some cases there is no evidence 
of the miliary tubercles by macroscopic examination; in others, a 
pattern very much like the normal is seen, but on more careful 
examination the small nodules prove to be typical small tubercles 
and no Malpighian bodies. 

In none of our 4 cases was the diagnosis made on gross examina- 
tion alone. On microscopic examination the very cellular pulp 
showed numerous, partly confluent typical tubercles with little or 
no necrosis, the Malpighian bodies were few and small. 

The splenomegaly, which as a rule is considerable, is due to prolif- 
eration of the reticulum cells in the pulp and to the presence of 
tuberculous foci, which also consist of cells derived from the reticulo- 
endothelial system. The nodules in these 4 cases have been local- 
ized according to Graberg" along the arteries, most of them in inti- 
mate connection with the Malpighian bodies. Furthermore, there 
were numerous red cells, but no increased phagocytosis or blood 
pigment. The connective tissue was not increased. 

As already stated, many cases have tuberculosis in other organs, 
the liver being often attacked. This fact has caused some writers 
to describe a condition which they call ‘“hepato-lienal tuberculosis.”’ 
Furthermore, tuberculosis of the lungs and often of the lymph nodes 
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is seen. In 2 of our 4 cases which came to auptopsy, tuberculosis 
of the liver and lymph nodes was observed but no tuberculosis of the 
lungs. 

Blood Changes in Tuberculous Splenomegaly. As a rule, i tuber- 
culosis of the spleen, no other blood changes are seen than those 
found in tuberculosis in other organs. Heymann and Bussel'* exam- 
ined the blood of 19 children suffering from miliary tuberculosis of 
the spleen and found no other changes than those observed in chil- 
dren attacked by exosplenic tuberculosis. 

On the other hand, the clinical picture in tuberculous spleno- 
megaly will usually be dominated by significant blood changes. 
While the literature gives the impression that most any blood pic- 
ture can be met with, more careful study shows that the typical 
blood picture is, as in Banti’s disease, one of inhibited marrow 
function. 

Weil,** in a study of 2 cases of leukemia with tuberculous spleno- 
megaly, drew the unsupported and improbable conclusion that the 
tuberculosis caused the leukemia. As tuberculsosis of the spleen is 
not uncommon, it would be peculiar if all leukemic splenomegalies 
should be free from tuberculosis. Such enlarged spleens will easily 
be mistaken for tuberculous splenomegalies with secondary blood 
changes. 

Polyeythemia has occasionally been noted. Among Winternitz’ 
51 patients, 6 had from 6 to 8.2 million red cells per c.mm. Rosen- 
gart?’ observed a case with 10 million red blood cells and 200% hemo- 
globin. Szezcklik** reported 7.15 million red blood cells and doubt- 
ful cases of tuberculous splenomegaly with polycythemia have 
been reported by Head” and Léon-Kindberg:!_ While some authors, 
especially the French, regard polycythemia as the typical blood 
picture in tuberculous splenomegaly, this is denied by others; e. 4., 
Heymann, Lubarsch and Sternberg cannot accept that tuberculosis 
of the spleen is the cause of the polycythemia. These authors 
rather believe in a “primary” polycythemia, in which condition 
the spleen is probably a “locus minoris resistentize”’ and hence is 
affected by tuberculosis more often than are normal spleens. Be 
this as it may, reports of polycythemia in splenic tuberculosis in 
late years have become very few, while the number of cases is still 
increasing in which other blood changes are observed. 

Among Winternitz’ 51 cases, blood examinations were made in 
27, 11 of which showed anemia, leukopenia or thrombocytopenia. 
In the reports of other authors (totaling 23 cases), blood examina- 
tions are given for 19 patients of which one had polycythemia 
(Szezcklik**), 2 leukopenia (Weil*®), 2 gave normal findings (Bjer- 
ing,” Carling‘) and the rest (16 cases), exhibited similar changes to 
the majority of Winternitz’ material, namely, anemia and leuko- 
penia. Furthermore, the 4 cases in this report all belong to this 


group. 
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In all, we know of blood changes in 23 cases of tuberculous spleno- 
megaly in addition to Winternitz’ 26 (Table 4). Of these 23 patients, 
20 gave blood pictures similar to those which are seen in Banti’s 
disease. Among the 20 cases, there are 17 anemias (hemoglobin 40 
to 70%), some of them hyperchromic (e. g., Author’s Cases 1 and 4); 
9 patients had leukopenia (fewer than 4000 white blood cells per 
c.mm.). Hemorrhages occurred in 4 patients who exhibited a 
decreased number of platelets (Kellert,'® Naegeli,24 Author’s Cases 
1 and 2); and finally jaundice was observed in 6 patients (Carling,‘ 
Goebell,? Author’s Cases 1, 2 and 4). 

There are also reports of cases of tuberculous splenomegaly with 
a clinical picture similar to that of Banti’s syndrome, but with 
no exact statement of the blood findings (Cynman,* Kriimmel,!® 
Carling*). These and 4 other cases whose reports were not avail- 
able are not included in the table. As far as one can see, these 
cases have shown the same clinical picture as did our cases: 2 cases 
similar to Banti’s disease (Bunch and Rennold); a pernicious anemia 
case (Fabre, Malaussene and Garnodier); and a case with purpura 
(Villa). 

In 3 of the 4 cases dealt with in this report many blood examina- 
tions have been made; and in two, bone-marrow examinations. 
This procedure has rendered it possible to investigate more care- 
fully the development of the blood changes in this disease. 

All 3 patients (Cases 1, 2 and 4) were very pale on admission, 
with about 50% hemoglobin. The color index was 1.2, 0.82 and 
1.15, respectively. The fragility of the red cells in one case was 
considerably increased, and normal in the other two. Case 4, which 
showed the increased fragility, was distinct from the others also in 
having an unusually high percentage of reticulocytes (26%) at a 
time when no treatment had been given. The number of white 
blood cells, too, differed from the findings in the rest of the group, 
being increased or at any rate at the upper limit of normal. The 
skin was icteric, in the blood were numerous typical spherocytes, 
and the bone marrow was hyperplastic and full of erythroblasts, 
this being the case in the sternal punctate as well as in the marrow 
examined during the autopsy. This case, therefore, had the char- 
acteristics of acholuric jaundice (spherocytic anemia). The past 
history of this patient as given in the hospital record gave no evi- 
dence of similar diseases in her family which is not of great impor- 
tance, as no relatives have been examined. There were no signs of 
gall stones or ulcers of the legs, common symptoms in acholuric 
jaundice, whereas their absence can hardly preclude this diagnosis. 
On the other hand, the tuberculosis of the spleen (and liver) does 
not belong to the typical picture. The case may probably be inter- 
preted as a case of acholuric jaundice with complicating tuberculous 
splenomegaly. We have no possibility of proving a connection 
between these two conditions. Certain interest is connected with 
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the fact that Thompson* in a survey of 45 cases of “acholuric jaun- 
dice,” separates 15 as atypical cases of anemia with jaundice, clinic- 
ally very similar to the hereditary disease. Of these, 3 died of ret- 
iculum-cell sarcoma in the spleen, and in one case a disseminated 
tuberculosis of the spleen was found at autopsy. However, the spleen 
was not much enlarged. These patients showed no typical sphero- 
cytosis and thus most probably are different from the Author’s case 
mentioned above. Anyhow, these findings show that it is not justi- 
fiable to deny a priori a connection between the blood changes and 
the tuberculosis of the spleen in our Case 4. Further support of this 
view is perhaps given by the case reported by Schiappoli,*° who 
observed a hemolytic anemia in a patient suffering from Hodgkin’s 
disease localized to the spleen and liver. Hemolytic anemia of 
considerable degree connected with, perhaps caused by, a hyper- 
plasia of reticular tissue in the spleen, is nothing unique, at any 
rate according to the above-mentioned observation. 

The remaining 3 of the cases reported here are much alike. The 
percentage of the hemoglobin on admission was 57, 44 and 81, 
respectively. The red cell counts were 2.3, 2.17 and 3.41 million; 
and the color index, 1.2, 0.82 and 1.2, respectively. The number 
of white cells per c.mm. was 2300, 2900 and 3800. The platelets 
were counted in two of the patients: 233,000 decreasing to 155,000 
(Case 1), and 240,600 (Case 2). In the second case a hemorrhagic 
purpura was noticed. The reticulocytes were counted in one case 
only (Case 1), which showed normal findings, 0.2 to 0.4%. The 
fragility of the red cells in Cases 2 and 3 were normal. The icterus 
index of Cases 1 and 2 was between 11 and 5. Case 1 was treated 
with pylorin and liver without effect. The results of a sternal punc- 
ture in Case 2 are given in Table 5. 

All of these cases thus show one or more signs of an inhibition of 
the bone-marrow function. No “specific blood disease’ can be 
diagnosed. The changes are very similar to those of Banti’sdisease, 
anemia splenica or whatever term is preferred for these conditions. 

The réle of the spleen in the development of the changes of the 
peripheral blood is conspicuously seen in Case 2 in which the patient 
in spite of her almost desolate condition survived a splenectomy. 
Following this, remarkable changes in the blood picture were 
noticed: The hemoglobin rose from 44 to 70%, the red blood cells 
from 2.7 to (4.26) 3.69 million, the color index from 0.82 to 0.95 
and the white cells from 2900 to 10,000. The number of platelets 
increased from 240,000 to 360,000. The number of eosinophils 
counted direct (Dunger’), rose from 50 to 70 to 400 to 500. 
However, complete recovery was not achieved, the sedimentation 
rate was unaltered, presumably because the tuberculosis of. the 
spleen was not the only manifestation of the disease. At any rate a 
considerable improvement, subjectively as well physically, was 
obvious. 
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It is of peculiar interest that two sternal marrow punctures were 
performed on Case 2. Thus, we have knowledge of the composition 
of the bone marrow before the splenectomy and 3 months after- 
wards. The results of these examinations are recorded in Table 5. 


TaBLE 5.—STERNAL BongE Marrow or CasE 2. 


Cells in punctate Normal Normal 
Hemocytoblasts. . . . . . . 3.5% | 0.0% 
Myeloblasts 2.0% 2.0% 
Promyelocytes . . 8.0% 0.7% 
Myelocytes 13.0% 6.0% 
Neutrophils, non-segmented . . . 14.0% | 5.0% 
Neutrophils, segmented « 17.0% 31.3% 45.0% 
«© « « « 1.0% 0.7% 
Basophils. ... . 0.5% 0.3% 
Monocytes . . | 7.7% 
Lymphocytes 9.5% | 31.3% 

0 | 0 


Splenectomy 


While the number of cells is nearly the same in the two punctates, 
there is a marked decrease in the immature cells after splenectomy ; 
also in the number of mitoses. 

These findings are interesting. As seen from Tables 2 and 5, ane- 
mia and leukopenia were found in the peripheral blood at a time 
when the bone marrow showed a relatively immature picture with 
“shift to the left; 6 months later, when splenectomy had been per- 
formed, the anemia and the leukopenia were diminishing, while the 
marrow picture was much more steady without signs of increased 
function. 

Similar changes have been observed once before by the author, 
in a case of splenomegalic anemia and leukopenia of unknown 
etiology. This patient, a woman of 57, entered the Finsen Insti- 
tute, Copenhagen (Surg. Dept. No. 9938), in 1934. The blood 
picture showed: Hemoglobin, 44 to 60%; red blood cells, 1.2 to 4.0 
millions; coler index, 0.75 to 0.8; white blood cells, 800 to 1100; and 
platelets, 186,000 to 300,000. The percentage of reticulocytes was 
1.0 to 2.5. The fragility of red blood cells was normal. By differ- 
ential counts a severe neutropenia and now and then a few myelo- 
cytes were found. The sedimentation rate of the red blood cells 
was much increased: 98 to 158 mm. in 1 hour. Physical examina- 
tion revealed a large splenomegaly. The nature remained obscure, 
as the patient was not operated on. She is still alive (January, 
1937). A sternal puncture performed in November, 1934, showed 
the same hyperplasia of the bone marrow as in the aforementioned 
cases. The punctate was extremely cellular, with 4.5% hemocyto- 
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blasts, 21% erythroblasts, 7.5% myeloblasts and 33% promyelo- 
cytes. This finding is apparently but little in accord with the con- 
dition of the peripheral blood, which contained very rarely more 
than 150 to 200 granulated leukocytes per c.mm., against the normal 
2500. There were rather numerous mitoses in the punctate. 

Discussion. ‘The relation of the spleen to the function of the bone 
marrow is an obscure question. As to the erythrocytes, the opinions 
diverge. Krumbhaar™ and others found a transitory anemia fol- 
lowing splenectomy and conclude that the normal spleen does not 
have an inhibitory action on erythropoiesis in the bone marrow. 
Others found rising numbers of erythrocytes following splenectomy 
(see Krumbhaar,'® Lauda”), and Lauda in his “Physiologie der 
Milz” concludes that the normal spleen has an inhibitory effect 
on the function of the bone marrow. 

Following removal of the spleen (whether normal or diseased) 
most authors have observed a rise in the number of leukocytes and 
of the platelets. Furthermore, immature forms of both erythro- 
cytes and leukocytes are often seen; this is regarded as the result of 
release from an inhibitory effect of the spleen. Also Frank® pointed 
out that an increase of the reticulo-endothelial elements in the spleen 
as a rule is followed by leukopenia and thrombopenia. 

The cases mentioned in this report seem to support this view, 
but the bone marrow, as seen by the sternal punctures is hype r- 
plastic, 2. e., formation of immature red cell forms; at any rate is not 
inhibited. 

According to the above case where the bone marrow was examined 
before and after the splenectomy what actually happens is that the 
marrow, which before the operation has been full of normal but 
immature marrow cells, following the removal of the spleen pours 
great number of cells into the circulating blood. This explains the 
increasing number of partly immature cells in the blood as well as 
the decreasing number of cells in marrow. Accordingly it seems 
justifiable to assume a controlling function at least by some spleens 
on the emission of cells from the bone marrow. If this emission is 
regarded as a simple result of the maturation of the marrow cells, 
the function of the spleen may be looked upon as a controller of the 
maturation of the cells in the marrow. This point of view is to a cer- 
tain extent endorsed by the fact that marrow punctures in cases 
of spenomegaly with leukopenia reveal an increase of the immaturity 
of the cells in the marrow, as compared with the findings in normal 
sternal punctates. 

It must be stressed that we have no support for assuming the 
function of the spleen, and especially the pathologic function, to be 
an inhibition or control of the production of cells in the marrow, but 
only a controlling of the emission of cells, this being an independent 
function, or a function secondary to the maturation. 

For the present discussion it is of interest that this function of the 
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spleen apparently increases when the spleen is enlarged as a result 
of miliary tuberculosis. It has been mentioned that similar changes 
will take place when the enlargement is due to reticulum cell sar- 
comas. Furthermore, it is known that the “‘fibrosplenia” in Banti’s 
disease and certain other splenomegalies, as in malaria, Gaucher’s 
disease, etc. can produce similar blood changes. These facts will 
probably be of value when considering the question as to which 
cells in the spleen are actually carriers of the marrow-controlling 
function found in the normal spleen and accentuated in different 
cases of splenomegaly. 

Most probably the function discussed originates in the reticulo- 
endothelial elements, and above all in the reticulum cells, these 
being the only elements in the spleen pulp which are proliferated in 
the rather different diseases in which the almost identical influence 
on the marrow is seen. Both in Banti’s disease and in the spleno- 
megalies of tuberculosis and malaria a considerable proliferation 
of the reticulum cells occurs. Of course, the same is the case in 
reticulum-cell sarcomas. In Gaucher’s disease, too, these cells are 
attacked and proliferated. It is in accordance with the view here 
set forth that neither by hyperplasia of the lymphatic tissue, nor 
by other hyperplasias of the spleen, where the reticulo-endothelial 
elements are not involved, or only slightly, will blood changes 
appear such as those mentioned above. 

In this connection it is interesting that Wahlberg’? has found 
remarkable changes in the Golgi apparatus and in the arrangement 
of chondriosomes inside the reticulum cells in spleens from cases of 
essential thrombopenia. These changes most probably are signs 
of an abnormal function; at present, however, it is hardly possible 
to decide whether these changes cause or are caused by the blood 
anomalies. 

Conclusions. From the findings in these 4 cases of the rather 
rare condition of tuberculous splenomegaly, it seems justifiable to 
conclude that 

Splenomegalies caused by miliary tuberculosis, like certain other 
splenomegalies where proliferation of the reticulum cells has taken 
place, may give rise to an apparent inhibition of the bone-marrow 
function, with subsequent peripheral blood changes. 

These blood changes may probably be interpreted as the result of an 
inhibition of the emission or of the maturation of the blood cells in the 
bone marrow, but not of the production of cells there.* 


* It should be noted, however, that these conclusions are based on the changes 
following removal of tuberculous and highly altered spleens from anemic patients. 
One can easily conceive of other mechanisms to explain the return of the blood 
picture toward normal after removal of disease-containing tissue. Similarly, the shift 
of the cellular composition of the bone marrow toward normal after these splenec- 
tomies could be adequately explained as due to the lessened demand during any 
period of recovery from anemia, without necessarily invoking a release from a specific 
inhibition of erythrocyte emission or maturation.—EbIToR. 
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ScLEROsIS of the aorta is one of the commonest afflictions of man. 
Changes begin in the early years of life and the lesions are readily 
discernible at necropsy in the aorta of practically every adult. In 
animals, however, this condition in any advanced degree is compara- 
tively uncommon, and in dogs in particular it is rarely outstanding 
at any age. Lyding’ reported endarteritic changes in 35 of 100 
cattle examined, and in 2 horses and 2 dogs out of groups of 10 


| 
| 
| 
| 


48  CORWIN, CRAGG: A PECULIAR FORM OF MEDIAL CALCIFICATION 


each; Strauch® found changes in but 2 of 100 dogs. In our experi- 
ence, routine postmortem examinations of dogs seldom reveal even 
mild degrees of aortic changes. Hutyra and Marek* frequently 
noted calcification in the walls of the large blood-vessels in cattle 
and heavily worked draft horses. 

Fox? performed 1806 necropsies at the Philadelphia Zodlogical 
Gardens and observed 31 instances of “ degenerative angiitis, arterio- 
sclerosis.” In this group were included primates, carnivores, mar- 
supials, and ungulates. He described the lesions as “roughened, 
rather opaque, intimal changes with degeneration of the media.” 
There was usually lacking “that well-outlined, heaped-up, ulcerat- 
ing, roughened intima so. characteristic of the late human atheéro- 
mata.” He occasionally saw fatty, yellow streaks in the lining, 
but none of them appeared to be calcified. He noted that the 
aorta was more frequently affected than other vessels and that the 
lesions were usually found in the arch and thoracic portion. There 
was never any marked deformity of the aorta, and aneurysms were 
observed only 4 times. 

K6llisch,®> Strauch, and Krause,® writing separately, noted that 
in dogs, beginning at about the fifth year, slightly raised, pillow-like 
(kissenartige) thickenings appeared on the intimal surface of the 
aorta. Hutyra and Marek stated that there are slight connective- 
tissue proliferation, deposition of small amounts of lipoids, and an 
increase of elastic fibers at points where the caliber of the arteries 
was reduced. They remarked further that these changes usually 
remained entirely microscopic, the intimal changes alone becoming 
visible to the naked eye only on the rarest occasions. 

Joest,* Krause,® and others have described occasional instances of 
medial calcification in the aortas of dogs. Joest studied 2 cases of 
medial calcification in the aortas of young dogs and concluded 
that the lesions were dependent on parenchymatous inflamination 
of the media as the result of infection and did not represent changes 
due to old age. There are parasitic diseases which affect the aorta 
and smaller arteries of animals; but, as many authors have noted, 
the lesions which are produced bear no relation to true arterio- 
sclerosis. Zinserling!® firmly believed that there was no relationship 
between the lesions found in the aorta of animals and those of 
aortic sclerosis in man. On reviewing the literature for the past 
25 years we have been able to find only 2 cases reported in which 
lesions in the aorta of a dog resembled arteriosclerosis in man.!:8 
Consequently, the case to be reported herein is of unusual interest: 


Case Abstract. The dog in this case was approximately 10 years old 
and was in apparent good health at the time of his death. He had been 
in the laboratory for 8 years and had been the subject of several studies, 
none of which, however, could have influenced the state of his arteries. 
He was killed by inhalation of ether. At necropsy, the gall bladder was 
found to be small and thick walled, and contained more than 100 small 
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Fic. 1.—Heart and aorta cut sagittally, showing the thickened and calcified wall. 
(Lower abdominal aorta not shown.) 


Fic. 2.—Heart and ascending aorta, showing calcification and aneurysmal dilatation 
of the wall. 
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Fic. 3.—Showing distortion and destruction of the elastic fibers by a calcified plaque. 
(Weigert elastic stain; X 125.) 


Fic. 4.—Decalcified section of the aortic arch. There is no evidence of intimal 
proliferation (X 8). 
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stones; the inner surface of the fundic region was ulcerated. Several small 
lymphomas were observed in the spleen, and the aorta revealed a severe 
degree of focal involvement (Fig. 1). No other pathologic changes were 
observed. 

The wall of the ascending portion of the aorta was markedly thickened 
and roughened, and contained numerous, large, calcified plaques and 
nodules. Immediately above the aortic valve, the aorta was so distorted 
by the sclerotic process that a small aneurysmal dilatation was formed 
(Fig. 2). The intima, however, was not ruptured. There was a large 
group of calcified nodular masses surrounding the points of origin of the 
brachiocephalic arteries, and the process extended up in the walls of these 
vessels for a distance of 4 to 5 cm. The upper thoracic aorta disclosed 
slightly thickened walls and the intimal surface was comparatively smooth. 
The lower thoracic aorta down to the origin of the celiac axis was thinner, 
but at each segment where the intercostal arteries emerged the surrounding 
aortic wall bulged outward and was densely calcified. The abdominal 
aorta below the origin of the superior mesenteric artery was apparently 
normal. 

It is peculiar that the lesions were absent in the lower part of the aorta 
and in the smaller arteries. However, as has been previously noted, Fox 
found the same distribution in his series. This is just the reverse of the 
ordinary distribution observed in the aorta of man, where the most severe 
sclerosis is often seen in the distal portion. In man, also, the calcified areas 
are not piled up as they were in this dog, and the so-called “atheromatous 
abscesses and ulcers” so commonly associated with aortic sclerosis in 
human beings were entirely lacking. The heart appeared to be slightly 
hypertrophied but was otherwise normal. The aortic valve leaflets were 
not affected even though the aortic wall behind them was definitely calcified. 
The coronary ostia were not compromised. 

Microsopically, the changes in the aortic wall appeared to be limited 
almost entirely to the media. In every section taken from numerous areas 
along the course of the aorta the intimal lining could be followed quite 
sasily and in only a few small areas was it slightly thickened. The upper 
thoracic portion of the aorta, which was free from calcified plaques, was 
slightly thicker than normal, mainly as a result of an increase in the colla- 
genous fibers as revealed by the Van Giesen stain. A similar section 
stained for mucin did not disclose any appreciable increase in this substance 
in the interstitial spaces. The elastic fibers were brought into the fore- 
ground in another group of sections by the Weigert elastic tissue stain 
(Fig. 3). They appeared to be unusually tortuous and slightly fragmented 
vey were otherwise not remarkable. The internal elastic lamina was 
readily discernible immediately beneath the intima and it was intact 
throughout its entire length. In sharp contrast to the areas just described 
were the portions of the aortic wall which had become calcified. These 
calcified nodules were found entirely within the media, and although they 
projected both inward and outward, they pushed the internal and external 
elastic lamina ahead of them. The main mass of calcification was com- 
posed of basophilic amorphous material which contained no cholesterol 
crystal clefts. It had that peculiar paraffin-like appearance so frequently 
seen in the aortic ring in cases of calcified aortic stenosis in man (Fig. 4). 
Smaller areas were more homogeneous and eosinophilic, but the absence of 
marrow spaces and osteoblasts disproved any bone formation. 

In contrast to the relatively large amounts of lipoids ordinarily found in 
association with aortic sclerosis in man, sections of this dog’s aorta which 
were stained with scharlach R revealed these substances in negligible 
quantities. 

Sections of the kidneys, liver, brain, and other organs revealed no 
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evidence of fibrosis or thickening of the smaller arteries. The wall of the 
gallbladder in the fundic region was deeply ulcerated, the muscle layers 
being invaded by neutrophils and fibrin. There was a dense layer of fibrous 
tissue beneath the bed of the ulcer which undoubtedly meant that the acute 
process was superimposed on a chronic one. 


Comment. ‘The lesions which have been described in the aorta 
of this dog were of unusual interest for three reasons: 1, the condi- 
tion is extremely rare in dogs; 2, its morphologic features were for 
the most part dissimilar to those which are commonly found in 
aortic sclerosis in man; and 3, they closely resembled the lesions 
observed in the aorta in association with calcified aortic stenosis in 
man. The aorta was affected principally in its first segment, the 
non-calcified portions were practically normal, the calcified masses 
were brittle but not softened, and there were no atheromatous 
abscesses or ulcers. The lipoid elements were not increased, and 
the intima and internal elastic lamina were practically unaffected. 
Even though we were unable to determine the causative agent in 
this case, the morphologic evidence would appear to favor an infec- 
tious origin rather than sclerosis due to old age. 
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A CASE OF XANTHOMA DIABETICORUM ASSOCIATED WITH 
DIABETES MELLITUS AND ACROMEGALY. 


By J. ArTHUR Bucuanan, M.D., M.S. (in MEp.), 


ATTENDING PHYSICIAN, WYCKOFF HEIGHTS AND CONEY ISLAND HOSPITALS; 
ELECTROCARDIOLOGIST, WYCKOFF HEIGHTS HOSPITAL, 


AND 
JosepH C. M.D., 


BROOKLYN, N. Y. 


(From the Medical Service, Coney Island Hospital.) 


XANTHOMA diabeticorum, associated with diabetes mellitus and 
acromegaly, has been reported in three previous instances.2* Xan- 
thoma diabeticorum is not rare, as in 1933 McGavick and Shepard- 
son! collected 97 cases. Acromegaly, as such, is so common that 
cases are no longer reported. 


Case Report. S. L., aged 29 years, white, male taxicab driver, was first 
admitted February 1, 1933, complaining of weakness, polydipsia, and drow- 
siness. A tonsillectomy was performed at the age of 10. There was no 
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venereal history. He had no cardiac or pulmonary symptoms. About 2 
years before admission he noticed he was gaining weight rapidly. His 
neck, nose, and ears (Fig. 1) increased in size while he became mentally 
sluggish. Two weeks before admission he began to take pituitary and thy- 
roid extract. He lost 35 pounds in weight, became weak, thirsty, and 
drowsy. There was no history of headache, dizziness, nor vomiting. The 
sexual desire and power increased. 

On physical examination the temperature was found to be 98.6° F., pulse 
118, and respirations 28. The calvarium, ears, and nose were enlarged. 
The superciliary ridges and antral regions were large. The lower jaw was 
prominent. The lips were deeply fissured (Fig. 2). The tongue was in- 
creased in size in all dimensions. The teeth were carious. The thyroid 
was not palpable. The chest was well developed and expanded equally 
on both sides. The heart, lungs and abdomen showed no abnormalities. 
There was no thickening, or tortuosity of the peripheral blood-vessels. 
The hands and feet were enlarged, the fingers short and wide (Fig. 3). The 
patellar and Achilles reflexes were present and normal. The skin was dry, 
and there were no eruptions present. The ocular fundi were normal. Roent- 
genograms showed an enlargement of the soft tissues of the hands and feet; 
skull moderately large, with fairly thick bones in the vault. The sella 
turcica (Fig. 4) was moderately enlarged, but there were no evidences of 
bone erosion. 

The urine showed +4 sugar and acetone. The blood urea nitrogen was 
14.3 mg., creatinine 1.5 mg., and glucose 400 mg. All figures in this report 
for blood chemical substances represent amounts found in 100 ce. of blood. 
The blood Wassermann test was negative. The blood count was normal. 

The patient left the hospital of his own accord after 7 days. 

The second admission was April 4, 1933, for impending diabetic coma. 
The urine showed +4 sugar, +4 acetone, and +2 diacetic acid. He was 
rapidly desugarized and detoxicated by the use of insulin. The patient was 
placed on a diet of carbohydrate, 140 gm.; protein, 70 gm.; fat, 130 gm., 
with insulin dosage of 30, 30 and 40 units. The examination of the fundi 
at this time revealed some granular changes in the macula. The roent- 
genogram of the skull showed no changes over the previous admission. 

The patient left the hospital after a few days of treatment. 

On October 16, 1933, he was admitted to the hospital complaining of 
diarrhea and weakness. He had not adhered to the diet. The urine showed; 
+4 sugar, and +4 acetone. The blood studies showed; 366 mg. of sugar, 
and 480 mg. of cholesterol. The previous dietetic regimen was instituted. 
He signed his release on the sixth day when the blood sugar was 333 mg. 

On June 20, 1934, he was admitted complaining of generalized weakness, 
generalized ulcerating and non-ulcerating nodules of the skin, polydipsia 
and polyphagia. The fairly hard nodules were located on the posterior 
lower third of the arms, and upper one-third of the forearms, and anteriorly 
over the lower third of the thighs, knee caps, and upper third of the legs 
(Fig. 5). Their size varied greatly and in some instances they were con- 
fluent. A yellowish pigment was located at the summit of all the non- 
ulcerated areas. The nodules came on so gradually that he was not aware 
of them until they were well marked. The blood chemical tests showed; 
sugar 222 mg., and cholesterol 480 mg. After desugarization a biopsy was 
performed on one of the nodules, which showed the lesions to be of xan- 
thomatous origin (Fig. 6). The blood studies on June 25, showed; sugar 
285 mg., and cholesterol 480 mg. 

As an outpatient on July 2, 1934, the blood sugar was 333 mg., and chole- 
sterol 480 mg. On August 2, the blood cholesterol was 480 mg. 

On November 25, 1934, he was admitted complaining of nodules which 
had been present since May, 1934. There was no itching of the skin. There 


| 


BUCHANAN, INDELICATO: XANTHOMA DIABETICORUM 


was a complete loss of sexual desire and power. The gums were studded 
with nodular, discrete, and confluent lesions on a red base with a yellowish 
summit. The nodules bled easily. A roentgenogram showed no increase 
in size of the sella turcica since February 2, 1933. On December 1, the 
total blood lipoids were 875 mg. On December 7, 1934, the blood studies 
showed; glucose 666 mg., calcium 11.5 mg., cholesterol 667.7 mg., and total 
blood lipoids 934 mg. The urine showed 2.5% of sugar. The blood count 
was normal. The blood lipoids later rose to 1000 mg. 

The eye examination on December 7, 1934, by Dr. R. M. Rogers, showed 
normal movements and reflexes in both eyes. The cornex, anterior cham- 
bers, irides, and lenses were normal. There were no vitreous opacities. 
The right optic nerve was clear in outline with a normal physiologic cup. 
The nerve head was slate gray in color. The retina showed an unusual pink 
color overlaying a gray pigment. There were fine granular changes in the 
macular region. The veins were darker than the arteries, light lavender in 
color, neither full nor tortuous, nor increased in size. The outline of the 
arteries was normal, but their walls were gray and flat. The left optic 
nerve was the same as the right. The vessels in the left were more engorged 
than in the right, and the lavender color was deeper. The inferior temporal 
vein was more engorged than any other vessel in the fundus. The macula 
showed fine granular changes. The visual fields showed bitemporal con- 
traction. The vision was normal in both eyes. 

The patient was put on a diet of carbohydrate, 280 gm.; protein, 100 gm.; 
fat, 120 gm., with insulin dosage of 60, 40 and 50 units. The diet was 
changed on December 8, 1934, to carbohydrate, 150 gm.; protein, 60 gm.; 
fat, 60 gm., with insulin units 20, 20 and 20. In spite of large insulin dosage, 
the percentage of sugar in the urine varied from 1.4% to 10%. The blood 
sugar varied from 365 mg. to 666 mg. The urine volume varied from 2000 
to 3000 cc. per 24 hours. The patient was discharged after 72 days with a 
diet of carbohydrate, 150 gm.; protein, 60 gm.; fat, 40 gm., with insulin 
dosage of 35 units three times a day. The blood sugar at the time of dis- 
charge was 400 mg. The patient always got extra food from some place, 
so sugar values did not indicate therapeutic responses. The situation could 
not be controlled. 

The patient was admitted on December 4, 1935, and the laboratory data 
and therapy are given in Table 1. A repeated examination for prolan in 
the urine showed a small quantity present. Forty cc. of urine contained 
1 mouse unit or 6 rat units. Follicle stimulation was produced, but no 
lutein cysts nor “‘blut punkte’”’ were present. 

The patient is alive on June 1, 1937, and the chemical status remains the 
same, although he is taking 150 to 160 units of insulin a day. The lesions 
of the skin have returned since the insulin is not given every second hour. 
The lips are deeply fissured. The disproportionate enlargement of the soft 
tissues of the ears, hands, nose, and feet which diminished considerably for 
a time, has regressed. Headaches are not present, and the mentality is 
not sluggish. He weighs 190 pounds. Sexual desire and power are absent. 


Comment. The pituitary disturbance, which expressed itself 
as acromegaly, was the primary change in this case. The factor or 
factors which caused the pituitary change are unknown and may 
still be operative. The diabetes mellitus and the lipoidal changes 
are secondary. The over-secretion on the part of the pituitary 
apparently has subsided, perhaps because of cellular degeneration, 
as the enlargement of the hands and feet has decreased, and there is 
complete loss of sexual power and desire. The lipoidal changes 


Fic. 1.—Shows size of nose, ears, Fic. 2.—The deep fissures in the lower lip 


neck and head. are clearly shown. 


Fic. 3.—The hands are spadelike. 


Fic. 4.—Illustrates the size and condition of sella turcica and clinoid processes. 
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Fic. 5.—Illustrates multiple lesions over arms and forearms, thighs, knees, and 
upper legs. 


Fic. 6.—Section from cutaneous nodule showing foam cells present. Special fat 
stains showed lipoidal material in crystal-like arrangement. 


Fig. 7. Fic. 8. 


Fic. 7.—Shows a few lesions on posterior surface of arms and forearms. 
: Fic. 8.—Shows a moderate number of lesions on thighs and legs. Some were flat, 
purplish areas, others nodules with a yellowish summit. 
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in the skin and the excess lipoids in the blood could be restored to 
the normal condition by frequent moderately large doses of insulin. 
The lipemic state of the retina disappeared under the same therapy. 
There are no signs of arterial changes at the present time. 


TaBLeE 1.—LasBoratTory Data For 180 Days. 


Sugar 
in 3lood blood blood 
Date. urine sugar. choles- _ lip- Insulin. 
(%). terol. oids 
1935. 
12-5 1.4 440 990.0 50U t.i.d. 
12-7 ‘ 400 666.7 934 
12-14 2.5 500 
12-20 1.9 410 
12-24 1.2 400 
12-31 1.0 240 740.0 sth 
1936. 
1-7 1.3 500 .. 
1-15 2.2 500 
1-21 4.0 181 ian ; 20U Q2H. 
1-24 0.4 145 ose pa 
1-29 Neg. 222 40U Q2H. 
1-31 Neg 133 a 
2-4 0.1 222 770.0 
2-6 133 
2-11 0.8 181 
2-15 Neg. 250 480.0 1540 
2-21 105 
2-25 Neg. 285 
3-5 Neg. 142 186.0 
3-10 Neg. 142 222.0 
3-13. Neg. 100 
3-16 Neg. 142 
3-20 Neg. 150 
3-24 Neg. 250 210.0 . 
3—30 333 40U t.i.d 
4-3 1.6 300 : 40U Q4H 
4-8 1.8 285 660.0 
7 4—15 0.9 450 ; 
4-17 BF 300 
4-25 4.1 ; 40U t.i.d. 
4-28 1.0 333 oie 5% 
5-8 1.2 400 300.0 


sclerosis. 


Basal 
met- 
abo- 
lism. 


33 
46 
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Miscellaneous. 


Cholesterol ester 660; full house 
diet, unweighed 

Sedimentation test, 78. 

No signs of hyperthyroidism. 


No signs of hyperthyroidism. 
Acetone +4. 


Acetone +3. 

Acetone +2. 

Sugar-free at times. 

No signs of hyperthyroidism. 


Two hours after high-protein 
meal (B.M.R.). 


No signs of hyperthyroidism. 


Lesions on arms and legs dis- 
appearing (Figs. 7, 8). 


Diet: C. 135, P. 80, F. 180. 


Cholesterol ester, 236. 
Lesions are reappearing on arms 
and legs. 


Summary. A study of a patient with xanthoma diabeticorum 
associated with diabetes mellitus and acromegaly over a period of 
4 years is reported with evidence to show that chronic cholesterol- 
emia in man is not promptly followed by the development of arterio- 
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PHOTOMETRIC STUDIES OF VISUAL ADAPTATION IN RELA- 
TION TO MILD VITAMIN A DEFICIENCY IN ADULTS. * 


By Marvin B. Corterre, M.D., 
ASSISTANT IN MEDICINE, VANDERBILT UNIVERSITY SCHOOL OF MEDICINE, 
Joun B. Youmans, M.D., F.A.C.P., 
ASSOCIATE PROFESSOR OF MEDICINE; DIRECTOR OF POSTGRADUATE INSTRUCTION, 
VANDERBILT UNIVERSITY SCHOOL OF MEDICINE, 
HELEN FRANK, B.A., 
AND 
G. B.S., 
NASHVILLE, TENN. 


(From the Department of Medicine, Vanderbilt University School of Medicine.) 


EssENTIAL hemeralopia, or night blindness, is the difficulty of 
adapting the faculty of vision to very faint illumination. The rela- 
tion of vitamin A deficiency to hemeralopia has been clearly shown 
by the studies of Fridericia,? Holm,’ Tansley,* and Wald,° and it is 
generally stated that hemeralopia is one of the earliest manifesta- 
tions of vitamin A deficiency. In the last 3 years Jeans and Zent- 
mire, Park,® and Jeghers® in this country, Frandsen! in Denmark, 
and Snelling’ in Canada have reported clinical studies of hemeralopia 
as a manifestation of vitamin A deficiency. Most of these authors 
used the Birch Hirschfeld type of photometer which has several 
objectionable features that make it difficult to establish satisfactory 
standards or to compare one author’s data with those of another. 
Snelling goes so far as to say that he found the Birch Hirschfeld 
photometer unsatisfactory for the estimation of small variations 
in dark adaptation, and gives data on 12 healthy adult subjects 
who were tested on successive days. Over half of these subjects 
showed marked fluctuation from day to day, although there was 
no change in their usual routine. Recently, an improved photom- 
eter has been devised which measures dark adaptation in stand- 
ard units of light intensity (millifoot candles), has a controlled and 
constant source of light for blanching and is so constructed that one 
can make readings quickly and with ease. Up to the present, only 
Jeans and Zentmire have reported a study using this instrument. 
Their report is concerned chiefly with the elaboration of a technique 
for its use. Although they state that several hundred subjects were 
tested, data are presented only on a group of 60 children. About 
as many of these subjects were found to have poor dark adaptation 
as were reported in previous studies using the Birch Hirschfeld 
photometer. ‘ 

We have used this photometer recently to study the vitamin A 
nutrition of a group of adult patients attending our clinic and to 
determine the range of dark adaptation in normal adults. 


* This study was aided by a grant from the Division of Medical Sciences of the 
Rockefeller Foundation. 
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Methods. The subjects studied were 60 adult clinic patients, and 54 
supposedly normal adults. All of the patients were ambulatory and had 
either functional or minor organic illnesses. Many of them gave histories 
of inadequate diets but none had outspoken signs of vitamin A deficiency 
save for an occasional one with a mild dermatosis. We regarded the group 
selected as fairly representative of our clinic patients. Ten of them are 
excluded from this report because of marked refractive errors (which we 
felt might possibly interfere with their dark adaptation), or because of 
ophthalmoscopically demonstrable eye lesions. The supposedly normal 
group was composed of doctors, technicians and clerical workers, all of 
whom were presumably healthy and were able to secure adequate diets. 

After the original test, 22 of the patients were given 25,000 units of vita- 
min A daily by mouth in the form of halibut liver oil for 4 to 6 weeks and 
retested. Eleven of the supposedly normal subjects who showed poor 
adaptation were treated in the same way. For comparison, 10 from the 
same supposedly normal group with high original readings were also given 
supplementary vitamin A to determine whether their light perceptions 
could be improved or whether they were already at optimum levels. To 
determine the constancy of an individual’s dark adaptation from day 
to day, 3 subjects from the normal group were tested on 10 successive 
days, 1 month after the completion of the above studies. No change was 
made in their usual routine or diets and they were not given supplementary 
vitamin A. 

The instrument used is shown in Figure 1.° Essentially it consists of a box 
in which are housed a source of strong light of constant intensity and a much 
weaker light, both separated from the eye piece by a metal screen which 
has 5 small perforations at its center in the form of the quincunx of the throw 
dice. The rays from the weak light source are transmitted through the per- 
forations in this screen with diminishing intensity from left to right, and 
the amount of this light is controlled by a finely graded rheostat whose 
resistance is calibrated in terms of millifoot candles. Turning the rheostat 
control clockwise decreases the light intensity and the spots begin to fade. 
When the center spot fades completely the rheostat is turned counter- 
clockwise until this spot just reappears, which is taken as the end point 
and recorded in millifoot candles. By means of a switch it is possible simul- 
taneously to lower the screen from view and turn on the bright light for the 
purpose of exhausting visual purple. 

The technique we employed in making the test is similar to that described 
by Jeans and Zentmire.t Testing requires a total of 23 minutes divided 
into 3 periods: 1, a 10-minute fore-period in the dark; 2, a 3-minute exposure 
to the bright light of the photometer; and, 3, a 10-minute recovery period 
in the dark. Frequent readings are made during the preliminary and recov- 
ery periods and the results can be shown best by means of a graph in which 
the photometer readings in millifoot candles are plotted against time in 
minutes (Fig. 2). The fore-period serves primarily to bring all subjects 
more nearly to an equal basis for the test. The mid-period represents the 
3 minutes during which the subject’s visual purple is exposed to the rays 
of a 100-watt lamp. The recovery period represents the most active stage 
of the regeneration of visual purple. The readings taken during the recovery 
period are the important ones and of these, the first, taken 20 seconds after 
blanching, is the most important. The smaller the reading in millifoot 
candles the better the dark adaptation. The curves of those with excellent 
dark adaptation approach a straight line and conversely those with the 
poorest adaptation depart farthest from a straight line graph. Readings 
late in the recovery period are also significant, and may indicate retarded 
or poor ultimate recovery. 
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Duplicate tests were made on many of the subjects and in the majority 
of the cases these readings were in satisfactory correspondence. The figures 
given represent an average when more than one determination was made. 


Fic. 1.—Photograph of photometer used in this study. (Biophotometer, manu- 
factured by Frober-Faybor Company, Cleveland.) 
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Fig. 2.—Typical graph 


of photometer readings in the three phases of the test period. 
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Results. ‘The results of the examination of 54 supposedly normal 
subjects are given in Table 1. In Figure 3, we have represented the 
average readings for the whole group by means of a composite graph. 
The average value for the first reading in the recovery period was 


TaBLE 1.—PHOTOMETER READINGS ON 54 “NorMAL” SUBJECTS. 


A 


Fore period (10 minutes). i (10 minutes). 
1 : 3 1 2 3 4 
mfc.* mfe. + mfe. mfe. mfe. mfe. 
0.660 . 295 0.080 0.067 
.080 .032 
.014 .007 
.016 .010 
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006 
.008 
.029 
.010 
.010 
.008 
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* Millifoot candles, t Blanching (3 minutes). 


0.50 millifoot candles, and the average value for the final reading 
was 0.02 millifoot candles. Also on this graph is shown the curve 
of the subject with the highest reading in the group and the curves 
of two low subjects. One of the latter was low because of a poor 
initial recovery reading; the other because of poor final recovery 
readings. In addition, we have plotted the initial recovery readings 
for each subject in the group, to give‘an idea of the spread of these 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 .216 . 136 .029 .350 . 160 .031 .009 
22 .076 .018 .008 . 240 .047 .O11 .009 
23 .210 .023 .010 .328 .078 .014 .005 
24 .445 .181 .104 . 840 .132 .042 .014 
2 37 . 341 .151 .039 .410 . 126 .047 .035 
2 40 . 240 .047 .019 .410 .092 .019 .014 
2 26 .592 247 . 265 . 860 . 260 . 158 .118 
2 . 23 .447 .076 .042 . 660 .154 .038 .016 
2 45 . 180 . 190 .092 . 580 195 .063 .038 
30 26 M .195 .065 .024 . 330 .026 .017 .010 
31 . 34 M . 240 015 .007 . 240 .046 .014 .008 
32 32 F . 187 .026 . 006 .630 .018 .008 .012 
33 30 F . 237 .026 .630 .105 .050 .027 
34 46 r .440 .158 .058 .635 .238 .083 .049 
35 M .315 . 100 .024 .216 .030 .049 .018 
36 20 F .450 .110 .035 .770 .191 .062 .041 
37 . 38 M . 240 .017 O15 .410 .069 .019 .007 
4 38 34 . 340 .072 . 925 .055 .030 .O11 
q 39 24 M . 136 .026 .010 . 290 .052 .010 .008 
40 22 M . 240 .018 .015 . 350 .019 .004 
41 17 F . 160 .063 O15 . 380 .069 O15 .010 
42 22 M . 204 . 107 .014 . 840 .100 .041 .044 
: 43 24 M . 100 .024 .007 .520 .084 .018 .006 
44 26 M .470 .096 .022 . 380 .047 .016 .014 
: 45 37 F . 380 . 216 . 069 1.100 .315 .122 .058 
46 26 M .350 -110 .092 . 380 . 160 . 260 .069 
47 29 . 187 .044 .035 . 180 .047 .014 .024 
q 48 28 M .069 .031 .008 .580 .026 .014 .006 
49 21 M .440 .030 .020 .690 .063 .019 .005 
50 36 F .630 . 290 . 136 1.000 . 260 .216 .110 
51 22 . 290 .084 . 136 .470 .170 .058 
52 29 .315 .044 . 350 .069 .016 .009 
53 25 M . 580 . 136 .052 . 380 .069 .022 .019 
q 54 F. 23 M oie abs .014 . 800 .084 .017 .007 
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values. Though some were low, 83% of them fell above 0.70 milli- 
foot candles in their initial recovery reading. 
Individual readings for the 50 clinic patients are shown in Table 2. 
The average readings for this group are shown by means of a 
TIME IN MINUTES 


8 10 


CANDLES 


al 


Fic. 3.—Graph of “‘normal’’ subjects: a, composite curve for 54 normals; b, high- 
est subject in group; c, subject showing poorest initial recovery reading; d, subject 
showing poorest final recovery. The dots represent the initial recovery readings for 
each individual in the group. 


composite curve in Figure 4, and also the initial recovery reading 
for each subject. Here the average value for the initial recovery 
reading was 0.88 millifoot candles and that of the final readings was 
0.05 millifoot candles. There is considerably more spread of the 
initial recovery readings than in the normal group and 50% of the 
subjects fall below the 0.70 millifoot candle value. 

The results with the 22 clinic patients who had low original read- 
ings and were given vitamin A for 4 to 6 weeks are shown in Table 3. 
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All but one of these patients (Case 22) showed definite improvement, 
most evident in the initial recovery reading. Composite curves 
representing the average readings of this group before and after 
treatment are shown in Figure 5. It is noteworthy that the average 
initial recovery reading after treatment was 0.59 millifoot candles. 


TABLE 2.—PHOTOMETER READINGS ON 50 PATIENTS. 
Fore period (10 minutes). Recovery period (10 minutes). 


2 
3 
4 
5 
6 
7 
8 
9 


B. 
C. 
F. 
H. 
H. 
R. 
L. 
F. 
E. 
M 
5 C. 
M 
A. 
R. 
WwW 
N. 
L. 
8. 
Cc. 
J. 
F Ww 
M 
J. 
G. 
Ss. 
G. 
C. 
8. 
L. 
L. 
J. 
G. 
O. 
M 
H. 
E. 
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* Millifoot candles. + Blanching (3 minutes). 


The results with 11 normal subjects who had low original readings 
and were given supplementary vitamin A are shown in Table 4, 
before and after treatment. Composite curves of these findings 
are shown in Figure 6. All of these subjects showed definite im- 
provement, requiring an average of 0.45 millifoot candles less of light 
for the initial recovery readings after treatment. 

The composite curves before and after treatment of the 10 sub- 
jects with high readings from the same group are also shown in 
Figure 6, while their individual readings are given in Table 5. Here 
the changes were very slight, indicating that these subjects were 


; 
1 2 3 1 2 3 4 
Si mfc.* mfc. mfe. mfe. mfc. mfc. mfc, 
1 0.240 0.058 0.038 0.880 0.100 0.084 0.029 
(4 1.250 .655 . 226 1.530 .580 . 285 .069 
60 457 .055 . 930 . 150 .031 
; 52 . 260 .072 .024 .520 . 136 .031 .018 
44 .970 . 233 . 067 1.080 . 243 .039 
35 .122 .031 .010 .440 .019 .014 
24 . 260 .105 .031 .580 .142 .063 .031 
58 . 890 . 302 .141 .920 . 350 . 086 .050 
20 .076 .065 .016 . 260 . 084 .024 .O11 
5 1 30 .350 .058 .018 . 365 .076 .023 .010 
52 . 500 .170 .092 1.340 .520 .132 . 082 
1 41 .440 . 350 .170 1.000 .690 . 290 . 160 
1 32 .975 . 259 . 235 1.480 815 .405 .212 
1 19 . 635 .048 .035 .575 .098 .044 .010 ' 
1 23 .228 .417 .016 .007 P 
1 40 .315 .031 .018 .690 .069 .015 .008 
1 19 . 260 .024 . 550 . 160 .060 
55 1.250 .690 .420 2.810 . 535 . 294 . 256 
1 20 .195 .110 .031 . 365 .092 .030 .014 
2 40 .550 . 260 . 026 1.100 .122 .076 .063 
5 2 29 .100 .015 .007 . 350 .044 .013 .005 
2 45 . 180 .014 1.100 . 216 .058 .017 
2 32 . 240 .024 .007 .630 .052 .010 
2 53 . 136 . 148 .024 . 580 . 084 .024 .007 
2. 52 M . 660 . 235 .054 1.010 .129 . 066 .035 
4 2 49 M . 840 . 380 .092 .690 .195 .055 .038 
2 20 M .580 .217 .042 . 760 . 220 .090 .049 
: 2 23 M .315 .031 .018 .315 .047 .008 .004 
2 37 M . 580 . 100 .038 .315 .058 .024 .008 
E 3 21 F .440 .100 .038 . 580 . 148 .047 .026 
3 22 F .520 . 180 .022 .690 . 160 .031 .019 
; 34 29 M 1.360 . 880 .122 1.220 . 350 .148 . 084 
3. 50 F 1.800 .580 . 122 1.360 . 180 . 063 
3 38 M . 216 .038 . 840 . 069 .031 
32 M 1.220 . 760 . 260 1.480 . 350 .216 .213 
3 27 F . 760 . 260 . 216 1.360 . 290 . 160 . 080 
f 3 33 M .410 .029 .019 . 580 .110 .030 .014 
4 3 66 M .690 .122 .027 1.480 . 290 .063 .010 
3 46 M . 380 .069 . 920 . 290 .076 . 058 
4 19 M .122 .010 . 006 . 240 .019 . 006 .003 
4 17 F .440 .069 .022 . 840 315 . 084 .019 
4 26 F .440 .100 .029 .520 .122 .044 015 
4 4: 42 M 1.360 .520 . 228 1.360 .470 . 260 .110 
2 4 19 M . 160 .047 .010 .440 .029 .007 .003 
f 4 63 F 1.000 . 350 .122 2.500 . 240 .116 .047 
46 21 F .290 . 187 .052 .520 .216 .092 .031 
47 35 F 1.480 .470 . 160 1.800 . 180 . 148 .122 
: 48 32 M . 260 .026 .014 .470 .063 .014 .005 
< 49 24 M . 840 . 260 .069 . 760 . 260 047 .110 
50 37 F .315 .026 . 380 .084 .038 .014 
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already at about their optimum dark adaptation, and presumably in 
an optimum state of vitamin A nutrition. 


TIME IN MINUTES 


2 4 6 8 10 0 4 6 8 10 
FORE- PERIOD RECOVERY PERIOD 


CANDLES 


MILLIFOOT 


i 


Fig. 4.—Graph of patients: a, composite curve for 50 clinic patients; b, highest 
subject in group; c, lowest subject in group. The dots represent the initial recovery 
reading for each subject in the group. 


The initial recovery and the final recovery readings for the 3 
normal subjects tested on 10 successive days are shown in Table 6. 
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On the whole, these readings show only slight variation from day to 
day, and fail to show the marked inconsistencies reported by Snell- 
ing, who used the Birch Hirschfeld photometer. 


TIME IN MINUTES 


4 6 8 10 0 
RE - PEROT 


CANDLES 


MILLIFOOT 


Fic. 5.—Composite curves for 22 clinic patients before and after treatment with 
vitamin A supplement (upper curve represents average readings after treatment). 


TIME IN MINUTES 


2 4 6 8 
RECOVERY PERIOD 


CANDLES 


3383: 


iit 
i 


MILLIFOOT 


Fic. 6.—‘tNormal”’ subjects given vitamin A supplement. a, Curve for 11 “‘nor- 
mals’’ with low readings, before taking vitamin A; b, same subjects, after taking vita- 
min A: ¢, curve for 10 ‘‘normals’’ with high readings, before taking vitamin A; d 
same subjects, after taking vitamin A. 
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TABLE 6.—SuccessivE Dairy READINGS ON 3 NORMAL SUBJECTS. 
Subject 1. Subject 2. Subject 3. 


Initial Initial Initial 
recovery Final recovery Final recovery Final 
reading. reading. reading. reading. reading. reading. 
mfc.* mfc. mfc. mfc. mfc. mfc. 
0.240 0.008 0.315 0.008 0.470 0.009 
. 240 .003 .216 .006 . 260 .009 
.180 .010 . 290 .006 . 260 .010 
.275 . 006 240 .007 . 275 .010 
. 290 .006 . 290 .009 . 380 .012 
. 260 .005 260 .006 . 260 .010 
.275 . 260 . 006 . 260 .008 
.315 260 .006 . 350 .006 
260 .007 . 290 .006 
. 260 ; 240 .007 . 290 .007 


Average .261 . 006 . 263 .007 .009 
* Millifoot candles. 


Discussion. Our data on the supposedly normal group show 
some variations in the light perceptions of these subjects and some 
obviously have abnormally low readings. A check on the diet habits 
of these low subjects was not particularly revealing, and to explain 
these low readings one is forced to consider such factors as absorption 
and individual variations in vitamin A requirement. Inasmuch as 
83% of these subjects had initial recovery readings of 0.70 millifoot 


candles or less, and all of those with poorer dark adaptation were 
brought within this range by treatment, it seems reasonable to 
regard this point as the limit of normal for the present. This con- 
clusion is supported by the fact that the average initial recovery 
reading of the clinic patient group was below this value and was 
raised to within this range by treatment, and by the fact that normal 
subjects with initial readings within this range were but little im- 
proved by additional amounts of vitamin A. Such a standard 
agrees fairly well with that suggested by Jeans and Zentmire, who 
placed the limit of normal at 0.60 millifoot candles, for the initial 
recovery reading. 

By such standards we find that 50% of a representative group 
of our adult clinic patients had readings below 0.70 millifoot candles 
after blanching. Inasmuch as all of these (including those with 
very low readings) were improved, and all but 6 improved to above 
0.70 millifoot candles after treatment, it appears that about half 
of our patients were in a state of mild vitamin A deficiency as indi- 
cated by photometric studies. The constancy of the daily readings 
in the 3 normal subjects indicates that the photométer used in these 
studies apparently is more reliable than the Birch Hirschfeld for 
making dark adaptation studies in adults. . 

Conclusions.—1. We found the photometer and the technique 
described by Jeans and Zentmire quite satisfactory for making pho- 
tometric studies in adults. 
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2. From a study of 54 healthy adults, we propose an initial re- 
covery reading of 0.70 millifoot candles as a tentative value for the 
normal limit of dark adaptation. 

3. Several subjects with relatively poor dark adaptation were 
found in the supposedly normal group and all were improved by 
treatment with vitamin A. 

4, By the standards arrived at in this study about 50% of a group 
of adult ambulatory out-patients were found to have poor dark 
adaptation, indicating mild vitamin A deficiency. The great 
majority of these patients who received treatment showed definite 
improvement in dark adaptation. 
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POST-TRAUMATIC INTERNAL HYDROCEPHALUS. 
By Atan R. Moritz, M.D., 


ASSOCIATE PROFESSOR OF PATHOLOGY, WESTERN RESERVE UNIVERSITY, 
AND 


WituiamM B. Wartman, M.D., 
INSTRUCTOR IN PATHOLOGY, WESTERN RESERVE UNIVERSITY, CLEVELAND, OHIO. 


(From the Institute of Pathology, Western Reserve University, and University 
Hospitals.) 

Tuis report is based upon a study of 4 cases of acquired chronic 
internal hydrocephalus. In each there was a history of severe 
head injury antedating the symptoms of the disease. Postmortem 
examination disclosed. a chronic productive leptomeningitis in the 
region of the roof of the fourth ventricle with hemosiderin pigmenta- 
tion of the scar tissue and dilatation of all ventricles. 

In 1914, Dandy and Blackfan,’ in a report of their observations 
on internal hydrocephalus, stated that “the production of hydro- 
cephalus by trauma is very difficult to prove. We have seen | case 
(not reported here) in which the father, who was a physician, 
insisted that the onset of the disease dated from the severe fall.” 
Horrax,® in 1924, in a report of 33 cases of “generalized cisternal 
arachnoiditis simulating cerebellar tumor,”’ included the case of a 
female, aged 28 years, who fell on the ice and “was stunned for a 
few minutes.”” Subsequently she developed internal hydrocephalus 
and 5 years following the injury was operated upon with the removal 
of scar tissue from the region of the roof of the fourth ventricle. 
She made a satisfactory recovery. Horrax did not discuss the 
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matter of post-traumatic hydrocephalus and did not say whether 
he considered the trauma in the above cited case to be significant 
or not. In 1925, Foerster* reported the case of a child, aged 11, 
who developed an internal hydrocephalus following a head injury. 
At operation there was a subcerebellar “arachnoid cyst,’ the 
removal of the lower wall of which resulted in cure. 

A causal relationship between birth injury and internal hydro- 
cephalus has been observed more frequently than has the causal 
relationship between postnatal head injury and hydrocephalus. 

Fraser and Dott’ made the unequivocal statement that “we 
possess very definite evidence that intracranial hemorrhage pro- 
duced at birth is liable to be followed by hydrocephalus if the loca- 
tion of the hemorrhage is subtentorial.” They cited 7 cases of 
intracranial birth hemorrhage followed by the development of 
internal hydrocephalus in which subsequent operation revealed an 
obstructive “hemorrhagic effusion in the membranes,” in the region 
of the fourth ventricle. 

In a critical investigation of the subject, Ford® concluded that 
following birth injury “it is possible that the aqueduct of Sylvius 
may be plugged by blood clot or bits of necrotic brain tissue which 
become organized and a progressive hydrocephalus ensues. In 
6 cases out of 200 it is probable but not certain that this actually 
took place.’’ Jacobs!® reported a case of progressive acquired 
internal hydrocephalus following birth injury with subarachnoid 
hemorrhage which was cured by the removal of subtentorial “ yellow 
adhesions” which had occluded the foramina of Magendie and 
Luschka. 

The roentgenologic findings in persons showing delayed neurologic 
disturbances after head injury indicate that post-traumatic hydro- 
cephalus is more common than the above case reports would indi- 
cate. Friedman’ reported the results of encephalographic examina- 
tions in 20 cases of “so-called traumatic neuroses following serious 
injury to the skull.” The head injuries had been sustained from 
between 8 days and 12 years prior to the encephalographic examina- 
tion and in 80% of them internal hydrocephalus was found to be 
present. Kennedy" regarded the finding of internal hydrocephalus 
as one of the important criteria for determining whether or not 
organic disability had followed a head injury. 

There appears then to be a disparity between the clinical patho- 
logic studies (as indicated by case reports) and the encephalographic 
evidence of Friedman as to the frequency of internal hydrocephalus 
following head injury. If in some instances there is a definite cause 
and effect relationship between head injury and chronic progressive 


internal hydrocephalus the recognition of that relationship is of 
obvious importance in legal medicine. Furthermore, if the cause of 


the hydrocephalus is commonly the same as that described by 
Jacobs, the condition is, on anatomic grounds, amenable to cure by 
surgical means. 
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Fic. 1.—Large hemosiderin-containing phagocytes in thickened leptomeninges over 


pons in Case 5413. (X 220.) 


Fic. 2.—Left lateral recess of fourth ventricle from Case 5062, showing adhesions 


between cerebellum and pons. 


(X 30.) 
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The pertinent data concerning the 4 cases included in this report 
are as follows: 

Case Reports. Case 5062.—-The patient was a white female of 4 years, 
who sustained a skull fracture as a result of being struck by an automobile. 
There was immediate loss of consciousness, with profuse bleeding from the 
nose and ears. Upon discharge from the hospital, there was no clinical evi- 
dence of organic disease of the brain. No medical record was available as to 
her subsequent course. About 4 months after the injury she was reported 
to have had convulsions which increased in frequency and severity. She 
became stuporous and died at home without further medical observation. 
Death occurred 63 months following the injury. 

Postmortem examination disclosed a pronounced internal hydrocephalus 
involving all ventricles and including the lateral recesses of the fourth ven- 
tricle. There was no enlargement of the head. There was a chronic basilar 
leptomeningitis in the region of the roof of the fourth ventricle with adhe- 
sions between the cerebellum and the pons. These adhesions were sparsely 
infiltrated by lymphocytes and hemosiderin-containing phagocytes. There 
was disseminated focal hemosiderin pigmentation of the leptomeninges. 

Case 5309.—The patient was a white male who sustained a cerebral 
concussion at the age of 16 as the result of being struck on the head by a 
baseball. There was loss of consciousness for a short duration but no 
immediate signs or symptoms of residual cerebral damage. Shortly after 
the injury, changes in behavior were noted and he became intractable and 
asocial. Approximately 8 years following the injury, periodic syncope 
developed associated with weakness and periods of disorientation. There 
was a rapid deterioration during the last 6 weeks of life with terminal vomit- 
ing, cervical rigidity, hyperactive reflexes, a sense of strangling and papill- 
edema. 

Postmortem examination disclosed dilatation of all ventricles but most 
pronounced of the lateral and third. There were dense hemosiderin-contain- 
ing adhesions between pons and cerebellum. There were organized sub- 
ependymal hematomas in the left lateral ventricle. The brain weighed 
1900 gm. 

Case 5413.—The patient was a white female child who sustained an 
intracranial hemorrhage during a difficult breech delivery. There was 
paralysis of all extremities and blindness of both eyes. Hydrocephalus was 
not thought to be present at the time of birth. At the age of 2} months it 
was thought that the head was enlarging and an encephalogram disclosed 
hydrocephalus to be present. At the age of 3} years periodic convulsions 
occurred and these persisted at irregular intervals until death. The ter- 
minal illness began with an acute otitis media followed by an acute meningo- 
encephalitis. The patient was 8 years old when she died. 

Postmortem examination disclosed internal hydrocephalus with dilatation 
of all ventricles and marked enlargement of the head. There was a chronic 
productive basilar leptomeningitis with adhesions containing hemosiderin 
between pons and cerebellum. There was disseminated focal hemosiderin 
pigmentation of the leptomeninges. There was an acute otitis media, an 
acute sphenoidal sinusitis and an acute exudative meningo-encephalitis. 

Case 5499.—The patient was a white male of 28 years who fell and 
struck his head violently with a temporary loss of consciousness. There 
were no immediate neurologic signs of residual cerebral injury. Two weeks 
following the injury, headaches and vomiting developed, which increased 
in severity and frequency for the next 2} months. Following the diagnosis 
of internal hydrocephalus,- based upon encephalographic studies, an opera- 
tion was performed at which time adhesions in the region of the roof of the 
fourth ventricle were removed. There was temporary improvement but 
within a few weeks there was a recurrence of symptoms. Death occurred 
3; months after the head injury. 
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Postmortem examination disclosed dilatation of all ventricles resulting 
from a chronic productive basillary leptomeningitis in the region of the roof 
of the fourth ventricle. There were adhesions between the pons and the 
cerebellum. The adhesions were infiltrated by lymphocytes and large 
hemosiderin-containing phagocytes. There was some perivascular lympho- 
cytic infiltration in the brain tissue beneath the thickened leptomeninges. 


Discussion. A comparison of these 4 patients showed them to 
possess several clinical and pathologic features in common. All 
had a definite history of trauma followed by a period of unconscious- 
ness, although only 1 patient (Case 5062) was known to have had 
a fractured skull. There was a latent period of variable duration 
between the accident and the onset of symptoms indicative of the 
development of internal hydrocephalus. The intervals between 
head injury and death varied from 3} months to 8 years. The 
outstanding symptoms were stiff neck, lethargy, headache and 
vomiting. The terminal period of the disease was characterized 
by a rapid increase in the severity of all symptoms and included a 
rising pulse rate, respiratory embarrassment, papilledema, an in- 
creased spinal fluid pressure and the development of abnormal 
reflexes. The cranial nerves usually remained unaffected. One 
patient (Case 5499) was benefited temporarily by repeated spinal 
taps and the injection of air beneath the spinal dura. 

The postmortem findings were similar in each case. There was 
partial or complete fusion of the pia arachnoid in the region of the 
fourth ventricle by fibrous adhesions which were infiltrated by 
lymphocytes and large hemosiderin-containing macrophages (Fig. 1). 
These adhesions obliterated the space between cerebellum and pons 
so that the roof of the fourth ventricle could be exposed only by 
sharp dissection. Although the ventricular system was not injected, 
it was apparent that there was obstruction of the foramina of 
Luschka and Magendie. In all 4, the Sylvian aqueduct was dilated 
and shortened, and all ventricles were enlarged. In Case 5062 the 
lateral recesses of the fourth ventricle were dilated (Fig. 2). In 
Case 5413 an acute meningo-encephalitis secondary to otitis media 
developed terminally. 

Pathogenesis. ‘These cases are examples of acquired internal 
hydrocephalus apparently due to adhesions in the region of the 
fourth ventricle. According to Dandy? these are the most common 
causes of this type of hydrocephalus; he has pointed out that “an 
obstruction in the cisterna under the medulla, pons or mesencephalon 
(that is, at any point between the foramina of Luschka and the 
cisterna interpeduncularis) will produce a stasis of fluid up to the 
point of an obstruction just as effectively as would a block at the 
aqueduct of Sylvius or at the foramina of Luschka and Magendie.”’ 
It is true, however, that the unequivocal proof of the production of 
obstructive adhesions by trauma is difficult to establish. No matter 
what the sequence of a severe head injury, the development of signs 
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and symptoms of increased intracerebral pressure and the pathologic 
demonstration of the kind and location of the obstruction may be, 
it cannot be proved that the trauma was anything more than a 
coincidence and that the adhesions did not result from a healed 
infectious leptomeningitis. 

The pathogenesis of such lesions must be considered on a basis 
of probability only. The great variation in the manner in which 
extravasated blood is absorbed or organized is well known and to 
Aschoff’s! statement that “das Schicksal des vergossenen Blutes ist 
ganz verschieden nach der Localization’ might be added “und auch 
abhiingend von der Grésse des Hiimatoms.’’ Merkel” has called 
attention to the tendency of extravasated subarachnoid blood to 
gravitate to the base of the skull beneath the cerebellar tentorium 
and over the medulla. Ford® has described the immediate inflam- 
matory response to subarachnoid bleeding as indicated by fever, 
leukocytosis and increase in white blood cells in the cerebral spinal 
fluid. Winkelman and Eckel" observed a fixed tissue reaction in 
the leptomeninges in the form of fibroblastic proliferation following 
subarachnoid hemorrhage. Although both Hashiguchi® (in dogs) 
and Wortis" (in cats) reported the frequent development of a slight 
degree of internal hydrocephalus following experimentally produced 
skull fractures in animals, neither of them described organizing 
subarachnoid hematomas. A crucial experiment would be the 
production of a subarachnoid hematoma in animals by the injection 
of homologous blood and a subsequent study of its absorption and 
organization. No published reports of such experiments have been 
found. 

It seems probable that leptomeningeal adhesions may form as a 
result of the organization of a subarachnoid hematoma. ‘The fre- 
quent occurrence of subarachnoid hemorrhage following severe head 
injury with or without skull fractures is well known (Winkelman 
and Eckel). In the 4 cases here reported the subjects were, so far 
as could be determined, normal prior to a severe head injury. 
Subsequently they developed an internal hydrocephalus which was 
found to be the result of obstructive leptomeningeal adhesions in 
the region of the fourth ventricle. The presence of intracellular 
and extracellular hemosiderin in these adhesions indicates that they 
resulted from the organization of a hematoma or of a hemorrhagic 
exudate. Since traumatic hemorrhage can be inferred to have 
occurred and since there was no history of an infectious leptomen- 
ingitis it seems reasonable to attribute the adhesions to the preceding 
head injury. 

Summary. Four cases of head injury followed by chronic internal 
hydrocephalus have been described. So far as was known, the 
individuals were normal before the injury, which in every instance 
was sufficiently severe to have caused temporary loss of conscious- 
ness. Signs or symptoms of internal hydrocephalus developed 
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from 2 weeks to 8 years after the injury and progressed with varying 
rapidity to death. Postmortem examination disclosed dilatation 
of all ventricles as a result of chronic obstructive leptomeningitis 
in the region of the roof of the fourth ventricle. The leptomeningeal 
adhesions contained hemosiderin and it was thought that they prob- 
ably resulted from the organization of a subdural hematoma which 
formed as the result of a head injury. 
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THE ASSIMILATION OF PROTEIN BY YOUNG CHILDREN WITH 
THE NEPHROTIC SYNDROME. 


By Lee E. Farr, M.D., 


ASSOCIATE IN MEDICINE, THE HOSPITAL OF THE ROCKEFELLER INSTITUTE, 
NEW YORK CITY. 


(From the Hospital of the Rockefeller Institute for Medical Research.) 


INFORMATION concerning protein nutrition is needed to answer 
several questions concerning the behavior and treatment of so-called 
“lipoid nephrosis”” and the nephrotic type of Bright’s disease. 

The practical question of the optimal diet for protein regenera- 
tion in nephrosis has been without experimental answer. Since 
Epstein® it has been customary to feed as much protein as possible, 
but it has never been shown whether the maximum intake causes 
the most rapid regeneration of protein in either the tissues or the 
blood plasma. 

Conditions of Observation. [ive children, all 4 years of age, with 
the nephrotic syndrome were observed continuously for a period of 
54 days on diets differing in the protein content. Four were Cauca- 
sian and 1 (I. C.) was Chinese. Four (I. C., J. M., E.S., and J. T.) 
were observed simultaneously and the fifth (R. G.) was observed 
several months later. The diets were skillfully prepared and fed 
under the direction of Miss G. Drew. Four of the children were 
observed for a preliminary period while the routines for collection 
of specimens were being checked. During this period they were 
fed a diet of 1500 calories containing more fat than was fed later. 
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After the techniques of collection were satisfactorily worked out, 
the caloric intake was reduced to 1000 calories. It was originally 
planned to maintain the caloric intake at this level throughout the 
experiment, but in order to keep the children eating well it was 
necessary on the higher protein diets to increase this diet to 1200 cal- 
ories in three cases. In 2 instances it was possible to feed the desired 
range of protein without increasing the caloric intake. The total 
period was divided into 7 shorter intervals of approximately a week 
each, and during each interval a different protein intake was given. 
The salt intake was restricted to about 1 gm. per day. The protein 
intake in 4 of the children varied from 0.6 gm. per kilo. of ideal 
(normal for height and age) body weight to 4.8 gm. per kilo. and was 
given in this order, and in the fifth child from 1.1 to 4.4 gm. per kilo. 
In the fifth child the diet was started with 2.2 gm. of protein per 
kilo. of ideal body weight and increased gradually to 4.4 gm. per 
kilo., then decreased to 1.7 gm., followed by 1.1 gm. This was 
done to observe after effects of the high-protein period. Analysis 
of the diets is shown in Table 1. The fat and carbohydrate contents 
in the 4 children’s diet were both varied during the first 3 periods, 
including the preliminary period previously noted. During the last 
3 periods the fat was kept constant and only the protein and car- 
bohydrate varied; in the fifth child the fat and caloric content were 
constant. The greater part of the protein offered consisted of meat, 
chiefly beef. Eggs and vegetables in the order given provided the 
rest of the protein. Milk was only sparingly given, usually 100 cc. 
or less per day. At no time during the course of these observations 
was it necessary to resort to feeding prepared protein mixtures, 
such as casein or lactalbumin in milk, in order to bring the protein 
intake up to the desired level. In addition to the regular diet, 
which included fresh fruits and vegetables, the children were given 
2 haliver oil capsules with viosterol and 5 gm. of fresh brewer’s 
yeast daily. Fluid was given ad lib. throughout the period of obser- 
vation. The children with 1 exception (I. C.) had good appetites 
and took the diets cheerfully and even avidly at all times. There 
were no illnesses during the period of observation, although 1 of the 
patients (J. M.) had an acute gastric upset, manifested by vomiting, 
during one morning when urea and creatinine were fed by mouth 
in the postabsorptive state. There was no diarrhea at any time 
nor any noticeable change in the character or frequency of the 
stools. Laxatives were not needed and were not used at any time 
during the period of observation. Detailed laboratory and clinical 
data are shown in Charts 1, 2,3,4 and 5. The children were allowed 
to carry on as much activity as was consonant with their physical 
condition. Through the efficient codperation of the nursing staff 
under Miss E. Glantz, it was possible to collect without loss the 
daily urinary output of each child. There were no restraints nor 
metabolic cribs used. 
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No attempt was made to keep the fat in the diet at a very low 
level, as it is an impression gained in a previous study® that the 
children take the high-protein diets more readily when an adequate 
amount of fat is fed; this is probably because without fat restriction 
a more varied and palatable diet can be given. The difficulty in 
getting the children to eat the low-protein diet was not due to the 
relative increase in fat calories, as previously some of these children 
were fed a diet containing up to 4.25 gm. of fat per kilo. of ideal 
body weight and these diets were taken as long as 2 months without 
difficulty. At another time an attempt was made to carry out 
observations on these children on a meat- and fish-free diet. Diffi- 
culty was encountered in getting them to take an adequate caloric 
diet on this régime even a week. The administration of 5 gm. of 
fresh brewer’s yeast daily is thought to have been of considerable 
value in maintaining a zest for food. 

In calculating the average daily balance on each diet, the first 
3 or 4 days of each period on that diet are omitted, in order to 
eliminate significant effects of the preceding period. Daily estima- 
tions of non-protein urine nitrogen were done and the balance periods 
were begun after equilibrium had apparently been reached on each 
diet. 

The urinary protein is omitted from the balance because it repre- 
sents nitrogen which has been assimilated, and its loss might be 
described as mechanical rather than anabolic. The differences 
between nitrogen intake and excreted non-protein nitrogen seem 
to indicate assimilated nitrogen more accurately than would the 
difference between intake and total nitrogen excretion when the 
latter includes urinary protein losses. 

Analyses. The non-protein urinary nitrogen output was deter- 
mined in urine deproteinized with trichloroacetic acid. The nitro- 
gen in the protein-free filtrate was determined gasometrically by 
the micro-Kjeldahl method of Van Slyke.“ The nitrogen intake 
was calculated from dietary tables used in the hospital which have 
been compiled from standard works on food values.!** Control 
nitrogen analyses of diets have shown good agreement with the 
values calculated from the tables. Blood-urea nitrogen values were 
obtained by the gasometric method of Van Slyke and Kugel." Urine 
protein estimations were made by the method of Shevky and Staf- 
ford.% Fecal. nitrogen was not measured. Its omission from the 
balance is not believed to affect the validity of the conclusions, 
since the fecal nitrogen is reported to approximate with relative 
constancy about 10% of the nitrogen intake, in the absence of 
diarrhea or a diet which is unusually rich in roughage substance."!7 
These diets were designed to avoid either diarrhea or marked fluc- 
tuations in roughage content. 

Results. The children seemed to be normally active on all the 
diets offered except the very low-protein diet. When this diet 
was fed for a week, a definite loss of activity and interest in their 
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surroundings could be noted. At the same time it became more 
difficult to get the children to eat. For this reason the very low- 
protein diet was fed for. 2 short periods separated by a period of 
slightly greater protein intake. The high-protein diets were well 
taken by all the children and there seemed to be no evidence of any 
approach to a saturation level of the appetite for protein foods. 
Nitrogen Assimilation. The results are summarized in some detail 
in Table 1 and Charts 6 and 7. The charts show comparisons of 
total nitrogen intake with non-protein urinary nitrogen output. 
The nitrogen of the urine protein is not included in the output 
because it represents not only a metabolized fraction but also an 
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Cuart 6.—The relation of nitrogen excretion in the urine to varying nitrogen intakes. 


assimilated portion of the diet, which is lost only through the 
accident of filtration and has no evident bearing on ability to use 
dietary protein. Balances are, however, calculated subtracting this 
loss to obtain information regarding tissue nutrition (Table 1). 
The 4 children whose protein intake varied from 0.5 to 4 gm. per 
kilo. showed, as would be expected, wide fluctuations in the excretion 
of nitrogen in the urine. On the very low-protein diets all the 
children were able to maintain themselves in a slight positive 
balance when proteinuria is excluded from consideration. When 
1, 2 and 3 gm. of protein per kilo: were fed, increasing amounts of 
nitrogen were retained. When, however, more than 3 gm. were fed, 
excretion of urinary non-protein nitrogen increased to such an extent 
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on the highest diet that the increment of urine non-protein nitrogen 
alone was greater than the increment of intake. Consequently the 
assimilation of nitrogen was less on the very high diet than on the 
more moderate intake. This observation remained constant, 
regardless of the order in which the diets were fed. R. G. showed 
a marked increase in nitrogen storage when the protein in the diet 
was reduced from 4.4 gm. per kilo. to 1.7 gm. The results indicate 
that optimum nitrogen assimilation occurred when the diet con- 
tained about 3 gm. of protein per kilo., and that increasing the 
protein intake beyond this optimum actually diminished nitrogen 
retention. The extent of this diminution is apparent when one 
examines the balance for nitrogen assimilated and retained on the 
highest protein diet. On this diet R. G. was in fact on a negative 
nitrogen balance, indicating tissue wastage. Maximum nitrogen 
assimilation was obtained with protein intakes at 3.1, 3.1, 3.2, 3.3 
and 3.6 gm. per kilo. of ideal body weight in the 5 respective patients. 
In each of 4 patients there was a smaller retention of nitrogen on 
the diet with 3 gm. of protein during the preliminary period when 
the fat content was greater. The carbohydrate content of these 
diets was in each case slightly greater than during the second period 
when a lesser quantity of fat was fed. The fifth patient (R. G.) was 
not placed during any period on the very low-protein intake. How- 
ever, when his protein intake exceeded 3.3 gm. per kilo. of ideal 
body weight he showed the same phenomenon retaining less nitrogen 
than on an intake of 2 to 3 gm. 

In Chart 7 are summarized, as measures of nitrogen assimilation, 
the balances calculated by subtracting the urinary non-protein 
nitrogen from the food nitrogen. Slight changes in caloric intake 
appeared to exert no effect on nitrogen retention. This observation 
was made for adults by Keutmann and Bassett.’ 

Proteinuria. In the first 4 patients proteinuria rose and fell 
with protein intake. In the fifth patient, however, the loss of 
protein in the urine was extraordinarily constant regardless of the 
protein intake. The proteinuria shown by these patients was quite 
constant from day to day on constant food intake and could be 
estimated with sufficient accuracy by determinations made on 2 or 
3 days of each week. 

Blood Urea. High-protein diets increased the blood urea nitrogen 
values only slightly above the level maintained on average diet. 
We have previously shown‘ that nephrotic children increase their 
urea clearances when the protein intake is raised. This increased 
renal activity prevents the blood urea rise that would otherwise 
occur. On the other hand, the very low-protein diets did affect 
the blood urea, which showed a sharp reduction to very low levels. 
The children with a more pronounced glomerular element do show 
an increase in blood nitrogen on high diets and lesser increases in 
urea clearance. 

Water Excretion. On the total urine volume, the total fluid intake, 
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or the ratio of fluid intake to urine volume, the different diets had 
no marked effect. 

Discussion. When the optimum level of protein intake for reten- 
tion observed in our patients is compared with the optimum for 
normal children, the surprising fact becomes apparent that there 
are no marked differences between the two groups. Thus, Holt 
and Fales,® in a study of the protein requirements of children found 
that the protein intake optimal for growth and condition varied 
from 4 gm. per kilo. at 1 year to 2.6 gm. at 6 years. Wang, Hawks 
and Hays,"* in a study of the metabolism of undernourished chil- 
dren, including nitrogen balances, came to the conclusion that 
malnutrition per se makes no difference in the ability of the child 
to assimilate nitrogen, that in fact undernourished and malnourished 
children actually retained nitrogen better than normal children. 
In a subsequent study Wang, Hawks and Kaucher'’ recommended 
a protein intake of 4 gm. per kilo. for undernourished children but 
they made no studies comparing the relative efficiency of nitrogen 
retention at 4 gm. per kilo. as compared with an intake at a 3 gm. 
per kilo. level. Daniels, Hutton, Knott, Wright, Everson and 
Scoular,? from a study of the protein needs of pre-school children, 
came to the conclusion that children of this age should receive 
approximately 3.2 gm. of protein per kilo. of ideal body weight. 
Thus it is apparent that studies of other authors on the protein 
requirements of normal children have yielded results showing opti- 
mal growth and general condition with about the same protein 
intakes which yielded maximal nitrogen retention in our nephrotic 
children. Some of the results suggest that addition of fat beyond 
a certain amount decreases nitrogen retention. The experiments 
were not planned to bear on this point, and the results are not 
decisive, but they appear to be sufficiently suggestive to merit 
passing attention. 

Our results offer no support for the thesis that in patients with 
albuminuria the optimal protein intake can be calculated by adding 
to the ordinary maintenance diet an amount of protein equal to or 
proportional to the protein loss in the urine. 

The total failure to assimilate protein fed above 3.3 gm. per kilo. 
serves to emphasize the point that physiologically optimum intake 
of a given food is not necessarily the greatest amount that can be 
handled by the alimentary tract. Still less do our results justify 
forcing high-protein diets, as by addition of casein or lactalbumin, 
to the point of gastro-intestinal rebellion. 

On the other hand, our results obtained with children do not 
disprove for adults the usefulness of the rule of Peters and Bulger,!” 
whereby the protein fed is 75 gm. plus the amount of protein lost 
in the urine; the amounts thus calculated are seldom above 1 to 
1.5 gm. per kilo., and may never exceed the usual assimilating 
optimum of adults. Keutmann and Bassett’ found in their studies 
in adults that, over the ranges of protein intake studied, with beef- 
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serum proteins as the dietary constituent this phenomenon of 
decreasing utilization was noted, while with other proteins it was 
not apparent. These studies are not exactly comparable to the work 
reported here, since the only comparison available is over a much 
smaller range of protein intake, and the studies were of fractional 
rather than total assimilation. 

Summary and Conclusions. Five children of 5 years have been 
observed continuously over a period of 54 days in nitrogen balance 
studies with diets which varied in protein content from 0.5 to 
4 gm. per kilo. of ideal body weight. 

Maximum nitrogen retention occurred in 4 patients when the 
dietary protein intake was about 3.2 gm. per kilo. of ideal body 
weight, and in the fifth patient when the intake was 3.6 gm. per kilo. 
Feeding more protein resulted in actually less retention. 

The protein intakes producing maximal assimilation in our 
nephrotic children were similar to those found by other observers 
to be optimal for growth and general condition in normal children. 
Our data do not indicate that in the nephrotic syndrome the loss 
of protein in the urine is accompanied by compensatory increase in 
ability to assimilate food protein. 

REFERENCES. 

(1.) Atwater, W. O., and Woods, C. D.: The Chemical Composition of American 
Food Materials, U.S. Dept. Agric., Bull. 28, Washington, D. C., Government Printing 
Office, 1906. (2.) Daniels, A. L., Hutton, M. K., Knott, E. M., Wright, O. E., 
Everson, G. J., and Scoular, F.: J. Nutrition, 9, 91, 1935. (3.) Epstein, A. A.: 
Am. J. Men. Scr., 154, 638, 1917. (4.) Farr, L. E.: J. Clin. Invest., 15, 703, 1936. 
(5.) Friedenwald, J., and Ruhrah, J.: Diet in Health and Disease, 5th ed., Phila- 
delphia, W. B. Saunders Company, 1919. (6.) Holt, L. E., and Fales, H. L.: Am. 
J. Dis. Child., 22, 371, 1921. (7.) Keutmann, E. H., and Bassett, §S. H.: J. Clin. 
Invest., 14,871, 1935. (8.) Locke, E. A.L.: Food Values, New York, D. Appleton 
& Co., 1925. (9.) Page, I. H., and Farr, L. E.: J. Clin. Invest., 15, 181, 1936. 
(10.) Peters, J. P., and Bulger, H.A.: Arch. Int. Med., 37, 153, 1926. (11.) Peters, 
J. P., and Van Slyke, D. D.: Quantitative Clinical Chemistry, Baltimore, The 
Williams & Wilkins Company, 2, 269, 1932. (12.) Sherman, H.C.: The Chemistry 
of Food and Nutrition, 2d ed., New York, The Macmillan Company,-1918. (13.) 
Shevky, M. C., and Stafford, D. D.: Arch. Int. Med., 32, 222, 1923. (14.) Van 
Slyke, D. D.: J. Biol. Chem., 71, 235, 1927. (15.) Van Slyke and Kugel, V. H.: 
Ibid., 102, 489, 1933. (16.) Wang, C. C., Hawks, J. E., and Hays, B. B.: Am. J. 
Dis. Child., 35, 968, 1928. (17.) Wang, C. C., Hawks, J. E., and Kaucher, M.: 
Ibid., 36, 1161, 1928. 


CLINICAL OBSERVATIONS ON THE EFFECTS OF CHOLINE 
COMPOUNDS IN NEUROLOGIC DISORDERS, WITH SPECIAL 
REFERENCE TO MENIERE’S SYNDROME. * 


By MELBourNE J. Cooper, M.D., 
VISITING PHYSICIAN, NIX MEMORIAL HOSPITAL AND THE SANTA ROSA INFIRMARY, 
SAN ANTONIO, TEXAS. 


THE physiologic and pharmacologic properties of compounds of 
choline have been extensively investigated in recent years. For 
* The studies reported herein were made principally in the Neurological Wards 
and Outpatient Department of the Hospital of the University of Pennsylvania, 
Philadelphia, in the service of Dr. William G. Spiller, as a part of the work of the D. J. 
McCarthy Foundation of the University of Pennsylvania. 
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discussions of the actions of these drugs and their clinical applica- 
tions the reader is referred to a few of the many valuable contribu- 
tions in the literature.'->.7-* The vasodilating effects of these 
substances on the vessels supplying the viscera in mammals,? and 
the relief of vertigo in one patient as reported by Starr® suggested 
that choline compounds might be of value in the treatment of 
Méniére’s syndrome, and possibly in the treatment of other dis- 
orders of the central nervous system in which vascular spasm might 
conceivably play a part. At the suggestion of Starr, a clinical 
investigation of the effects of such compounds was begun in the 
Neurologic Department of the Hospital of the University of Penn- 
sylvania in 1933. The work was intended primarily to include only 
cases of Méniére’s syndrome, but as opportunity arose during the 
course of the investigation observations were made on certain other 
types of cases. 
_ Méniére’s Syndrome. In this report the term Méniére’s syndrome 
is used to designate combinations of such symptoms as vertigo, 
nausea, tinnitus aurium and progressive deafness, occurring usually 
in middle-aged or elderly persons without relevant local or systemic 
disease other than chronic degenerative changes, particularly of 
arteriosclerotic character. Although early descriptions of the syn- 
drome attributed the symptoms to hemorrhage into the labyrinthine 
structures, it is now recognized that chronic degenerative processes 
affecting those structures, and arteriosclerotic changes in the vessels 
supplying them and possibly also of the vessels supplying the central 
pathways may produce the clinical picture without actual demon- 
strable hemorrhage. Spasm of the vessels supplying the labyrinth 
is now thought to be the cause in many cases. °® 

Six patients presenting Méniére’s syndrome were classified after 
thorough clinical and laboratory investigation as cases of the arterio- 
sclerotic or vasospastic type. These patients were treated by the 
oral administration of either acetyl beta methylcholine chloride or 
ethyl beta methylcholine chloride.* A résumé of the relevant data 
in these cases together with the results of treatment is given in 
Table 1. These 6 patients were observed in a total of 14 severe 
exacerbations and 2 minor ones. The approximate degree of relief 
of the several symptoms as indicated in terms of percentages repre- 
sents in each case the degree of relief of the subjective symptoms 
as estimated by the patient, and the objective changes as estimated 
by the examiner after observation. It is not implied that the figures 
represent an accurate objective standard of measurement. Of these 
exacerbations observed, 11 major flare-ups occurred during periods 
in which the patient was taking no choline in any form, one major 
exacerbation occurred during a period in which the patient was 
taking the average normal therapeutic dose regularly, and 2 occurred 
during periods in which the patient was taking less than the average 


* The drugs used were kindly furnished by Merck & Co., Rahway, N. J. 
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TABLE 1.—SuMMARY OF CasE DatTa. 


Case No. 


Age (yrs.). 


Sex. 


Total duration of symptoms | 10 yrs. | 17 mos. yrs. 3 weeks 2 yrs. 11 mos. 
Duration of immediate exac- | 
erbation at time choline 
treatment was started ; 2 yrs. | 17 mos. yr. 3 weeks 4 mos. 11 mos. 
Duration of choline treat- 
ment when first distinct 
relief was noted . . . | Less than | Less than 2days 5 days 17 days 
1 wk. wk. 
Duration of choline treat- 
ment at time maximum de- 
gree of relief was obtained 
(wks.) 1 13 4 4 17 2 
Approximate degree of relief: 
Vertigo . . . . . | Variable | Variable | 75% 75% 75% 10% 
| 90-100% | 90-100% 
Headache « | Variable 0% 40% 90% 100% Never 
| present 
100% Never Vomited only Never Never 
present at onset present present 
100% 90% 90% 80% 20% 
0 Not Not known Not Not 
known known known 
Tinnitus . . . .  . | Variable 0 0 Never 0 Not 
0-50% present known 


In Case 3, headache was relieved 50% by abstinence from tobacco before choline therapy was 
started and was 90% relieved 1 month after starting choline therapy. In Case 4, occupational 
exposure to paint solvent and denatured alcohol fumes; resumed same occupation 5 weeks after 
choline therapy had been instituted and had no return of symptoms. Case 6 had possible occupa- 
tional connection in form of middle-ear trauma as result of playing wind instrument in orchestra. 
therapeutic dose. One of the minor exacerbations occurred while 
the patient was taking the average normal therapeutic dose, and 
one minor attack occurred during a period in which less than the 
therapeutic dose was being used. 

The usual effective therapeutic and prophylactic oral dose of 
acetyl beta methylcholine chloride was found to be 0.08 gm. 3 times 
daily. The average dose of ethyl beta methylcholine chloride was 
0.006 to 0.008 gm. 3 times daily. The drugs were prescribed in 
dilute aqueous solution for convenience in measuring and varying 
the dosage, and so that as a control, distilled water could be sub- 
stituted at will for the practically tasteless, odorless and colorless 
choline solutions. Larger individual or total daily dosages were 
found to cause toxic manifestations of mild form in most instances, 
while doses substantially lower were found to be less dependable 
in the prevention of, or the relief of the attacks. 

In general, of the 6 patients included in this series, 5 obtained 
satisfactory relief from the disabling features, namely the vertigo, 
headache, ataxia and nausea, when present, on the choline therapy. 
In these 5 patients the continued use of choline during intervals of 
quiescence usually but not invariably appeared to prevent the 
recurrence of exacerbations or to minimize their severity, while 
discontinuance of its prophylactic use frequently was followed by 
recurrence of symptoms. The sixth patient obtained only slight 
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relief of the vertigo and the ataxia, which were his only pronounced 
symptoms. ‘The effect of choline on the impairment of hearing and 
on the tinnitus was negligible in each instance. 

Severe toxic symptoms were encountered only on one occasion 
in one patient, this occasion having resulted from a misunderstand- 
ing by the patient of the instructions given her as a result of which 
she took the drug indiscriminately in large doses. When they oc- 
curred, the milder subjective toxic manifestations usually noted 
by the patient consisted of a feeling of giddiness and faintness, almost 
always accompanied by a sense of ‘“‘emptiness”’ in the abdomen or 
in the head or both, in addition to the well recognized symptoms of 
increase in salivary secretion, increase in the secretions of sweat 
and of tears; and diarrhea, and nausea. The patients were able to 
differentiate the giddiness or emptiness of choline toxicity from the 
vertigo and faintness of Méniére’s syndrome. A sense of constriction 
in the chest or an objective flushing of the skin of the face and neck 
was seldom encountered. No cumulative effect was noted in any 
case, the longest period of uninterrupted use of average therapeutic 
doses being 5 months. On the other hand, there apparently was no 
tolerance developed after prolonged administration of the drug. 

Three additional cases not included in the above series were diag- 
nosed clinically as Méniére’s syndrome and were treated with choline 
compounds with apparently favorable effect. These cases were 
not included in the series, however, because of the impossibility of 
complete clinical and laboratory studies, or because of other possible 
etiologic factors which might have confused the picture. One of 
these patients had pronounced symptoms of several years’ duration 
and his symptoms were markedly reduced within a few days after 
the institution of choline therapy. However, several weeks later 
during the course of other medical investigations it was found that 
he was allergic to certain foods and the elimination of the allergens 
was reported subsequently to have prevented further attacks after 
the use of choline had been discontinued. The other 2 patients, al- 
though apparently relieved by choline were not seen a sufficient 
number of times nor studied in sufficient detail to warrant inclusion 
in the series. 

Major Trigeminal Neuralgia. One patient who had major trigem- 
inal neuralgia affecting the third division on the right side was 
treated by orally administered choline preparations. Since the time 
of the onset nearly 3 years prior to the period of observation there 
had been two remissions of 3 to 4 months’ duration each and a few 
other periods of 1 or 2 weeks of partial relief. During the 3 months 
before choline therapy was started there had been very slight and 
very gradual diminution in the severity of the pains. Ethyl beta 
methyl] choline chloride orally in doses of 0.0166 gm. 3 times daily 
was prescribed. In the first 6 days there was rapid improvement, 
and 11 days after the beginning of treatment the sharp shooting 
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pains had entirely disappeared and only a residual sensation of 
soreness of the gums on the affected side remained. This also 
entirely subsided in about 3 months. The dosage of the choline 
preparation was reduced to the maintenance level of 0.005 gm. to 
0.008 gm. after the first 3 weeks and the drug was discontinued 
altogether after 5 months. Three months after discontinuing choline 
there was recurrence of very mild pain, but the discomfort was so 
slight that no treatment was required. 

This patient also had a persistent motor tic of 12 years’ duration 
affecting the left corner of the mouth. This motor tic began to 
subside a little less than 2 months after the institution of choline 
therapy and it had disappeared almost completely at the end of 6 
months. 

Intermittent Claudication. One patient with marked peripheral 
arteriosclerosis and intermittent claudication obtained a consider- 
able degree of relief while taking choline preparations. Following 
his customary route in walking to the clinic he found that under 
such therapy he could walk twice as far at his usual rate of speed 
before the pains forced him to rest. 

Miscellaneous Observations. Although in the following types of 
conditions no encouraging therapeutic responses were noted, and 
no detailed studies were made, nevertheless definite clinical impres- 
sions of the negative value or of the actually undesirable effects 
of choline administration were gained and should be recorded. 
The rigidity associated with basal ganglia lesions and the spasticity 
of upper motor neuron lesions appeared to increase under choline 
therapy, whereas motor power was unaffected. Spontaneous pain 
associated with thalamic lesions was unaffected. Acquired myotonia 
secondary to alcoholic peripheral neuritis was not distinctly influ- 
enced by the use of choline orally or by inotophoresis of the affected 
parts. Migraine, presumably of the allergic type, was not relieved, 
nor did choline derivatives have any distinct effect upon the fre- 
quency or severity of epileptic seizures. Prolonged administration 
in one case of malignant*hypertension did not materially influence 
the blood pressure level or the course of the disease. Nausea, vertigo, 
tinnitus or hearing defect occurring not as Méniére’s syndrome but 
associated with acute or chronic infections of the upper respiratory 
tract, the ears, or the mastoids, or as symptoms secondary to organic 
involvement of the central nervous system such as multiple sclerosis 
or vascular thrombosis were not relieved by choline therapy. 

Summary and Conclusions. Clinical observations of the effects 
of certain choline derivatives have been made in a number of neuro- 
logic conditions. Of 6 cases presenting Méniére’s syndrome 5 were 
distinctly relieved in the majority of acute exacerbations by the 
oral use of acetyl beta methylcholine chloride or of ethyl beta 
methylcholine chloride, and the acute exacerbations were apparently 
less frequent and less severe when these drugs were taken prophy- 
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lactically. One patient having major trigeminal neuralgia and one 
having intermittent claudication apparently were relieved by these 
choline compounds taken orally. Negative or unfavorable effects 
of choline in a miscellaneous group of conditions are reported. 
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IN previous communications,!*"* we have reported upon the 
effects of certain drugs which act primarily upon the autonomic 
nervous system. The drugs selected for study have been acetyl- 
beta-methylcholine chloride (mecholyl), benzedrine sulphate, atro- 
pine, and prostigmin, a drug related to physostigmin. Certain 
effects upon the cardiovascular system having been noted, it was 
felt that a systematic study of the effects of these various drugs upon 
the heart and particularly upon ‘the electrocardiogram might throw 
further light on the actions of the autonomic nervous system in 
general and on the sites of autonomic activity in the heart in par- 
ticular. 


* Aided by grants from the Commonwealth of Massachusetts and the Rockefeller 
Foundation. 
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Previous studies of the effects of these drugs upon the heart have 
been for the most part made upon animals, although a few, notably 
those by Starr and his co-workers*.24 and by Nahum and Hoff,” 
have dealt with human subjects. Starr’s papers have been chiefly 
concerned with the use of mecholyl in the arrhythmias, especially 
paroxysmal auricular tachycardia while the papers of Nahum and 
Hoff have dealt with abnormal states such as hyperthyroidism. 
Carmichael and Fraser* studied the effects of giving large doses of 
acetylcholine intravenously to a few normal subjects; they were 
able to enhance these effects considerably by the previous adminis- 
tration of physostigmin. Page” studied the effects of mecholyl on 
the heart of hypertensive patients, using the electrocardiogram. 
The present paper is concerned with a study of the effects on the 
circulation, more specifically upon the electrocardiogram, of the 
various drugs mentioned above, given either singly of in various 
combinations. The data obtained, aside from their objectivity and 
predictability, have been valuable both theoretically as in under- 
standing the mechanisms of acetylcholine action and practically, in 
appreciation of certain clinical conditions such as heart block. 

Methods and Material. Male patients with dementia precox were used. 
Numerous examinations and laboratory tests over a period of years, as 
described in previous papers, had shown them to be physiologically normal 
despite their obvious mental disorder. The patients selected were in addi 
tion quite codperative. Patients with hypertension or with evidences of 
arteriosclerosis or vasomotor conditions were excluded. All tests were con- 
ducted in the basal postabsorptive state conditions. After a rest period 
of about one-half hour in the laboratory the experiment was begun. 

The drugs* used were as follows: (1) Mecholyl, always given subcu- 
taneously dissolved in distilled water; the usual dosage was 25 mg., but this 
was varied from time to time according to the conditions of the experiment; 
(2) atropine sulphate, which was given either intramuscularly or intraven- 
ously usually in doses of gr. 1/50 (1.3 mg.); (3) prostigmin given subcu- 
subcutaneously in dosage of 0.5 to 1.5 mg.; (4) benzedrine sulphate given 
subcutaneously or intramuscularly in dosage of 30 to 40 mg. 

All experiments were conducted with the patient lying down. Blood 
pressure readings and electrocardiographic tracings were taken frequently 
and the latter were in some cases taken uninterruptedly throughout the 
experiment. Because of the rapidly changing events in the cardiac cycle, 
particularly when mecholy] was used, tracings with only one lead (Lead IT) 
were usually made. In the electrocardiograms, careful analyses were made 
of the cardiac rate, the rhythm, the shape and voltage of the various waves, 
the length of the P-R interval, and the ratio of the P—R interval to the time 
of the complete cardiac cycle. 


Results. 1. Mecholyl. The clinical effects which follow the 
subcutaneous administration of 10 to 25 mg. of mecholyl have 
already been noted by us.'8!% These begin within 30 seconds after 
the drug is given and consist of marked flushing of the face and chest, 
lacrimation, salivation, rhinorrhea, and extreme perspiration. With- 
in 30 to 90 seconds the blood pressure falls abruptly and the pulse 


* Generous supplies of these drugs were furnished us by Merck & Co., Hoffman 
LaRoche Company, and Smith, Kline & French Company, respectively. 
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rate rises. Though the reaction varies, most subjects will obtain 
a maximum effect with 25 mg., although some require only 10 mg. 
and others 40 mg. Mecholyl was given as the first drug in 16 in- 
stances. 

Pulse Rate and Blood Pressure. ‘The pulse rate rises appreciably 
(except in the cases of block) within 1 to 2 minutes after the drug 
is given. Simultaneously with this rise, the blood pressure falls 
(Charts I, II III). The percentage rise in pulse rate (except in 
Cases 15 and 16 which were given obviously inadequate dosage) 
varied from 10 to 67, the average rise being 37%. The percentage 
fall in blood pressure in those cases in which this measurement was 


Pressure mm. Hq. 


100 


75 


3g P-R interval- hundreths of a second 
2 

— 
| 
0 5 
Mecholy! 25 mg. sc. 


Atropin 1.3 mg. s< 


Cuart I.—J. M. The effect of atropine sulphate following previous administra- 
tion of mecholyl. The mecholyl has caused tachycardia and prolongation of the P-R 
interval. Following atropine the heart rate and P-R interval becomes essentially 
normal. 


Minutes 10 


taken varied from 10 to 50, the average fall being 22%. In general, 
it may be stated (1) that the extent of drop of blood pressure was 
not quite as great as the rise in pulse rate; (2) that the greatest 
drop in blood pressure occurred in those cases which showed the 
greatest rise in pulse rate. 

P-R Interval (Figs. 1 and 3). The P-R interval which varied 
from 0.16 to 0.22 second at the beginning of the experiment in- 
creased in almost every instance within 1 minute after administra- 
tion of the drug, the maximum increase occurring within 2 to 4 
minutes after the drug was given. In some cases intervals of 0.34 
to 0.40 second developed. The average percentage increase in 
P-R interval was 46%. This prolongation of conduction time 
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became even more strikingly evident when the ratio of the P-R 
interval to the total cardiac cycle (PR:TCC) were analyzed. In 
certain cases, so great did the P—R interval become in relation to the 
entire cardiac cycle that there was actual encroachment of the 
P wave on.the preceding ventricular complex (7' wave) (Cases 1, 8, 


Blood Pressure mm. Hg. 
120 
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Pulse rate - 

beats per mi ee 


q 
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P-R Interval|- hundreths jof a second 

0} 

0 
0 10 20 30 

+ Atropin 4 Mecholy! 25 mq. sc. 
13 mq. im. 
i Cuart II.—M. D. Effect of mecholyl when given after the previous adminis- 
tration of atropine. Tachycardia of mecholy]l still occurs despite the absence of all 
the other mecholyl phenomena. 

50) Blood Pressyre’] mm. Hg. 
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Cuart III.—E. B. (See Fig. 6). Effect of small doses of prostigmin and mecholy] 
illustrating that bradycardia may be produced without heart block. 
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9 and 12). This was particularly striking in the case of John B. 
(Cases 13, 14, Fig. 1) in which as the P—R interval gradually became 
longer and the heart rate faster, there was further and further en- 
croachment of the P wave upon the preceding 7’ wave until finally 
the P wave merged with the 7’ wave and became “buried” in it. 
During this stage, when the auricular complex occurred within the 
ventricular cycle, an occasional dropped beat developed. The 
“unloosening” of the P wave from the 7 wave when the P-R inter- 
val became gradually lessened is also brought out in the accompany- 
ing electrocardiograms. Ordinarily no definite changes in either the 
P wave, the QRS complex, or the 7 waves were discernible, although 
occasionally the QRS became slurred or the S7' segment depressed 
(Cases 1, 12). 

Rhythm. The rhythm usually remained regular after mecholy] 
administration. There was no evidence of sinus arrhythmia. Sinus 
tachycardia was the rule. In several cases, abortive QRS complexes 
became evident. In only one case did a severe degree of heart 
block develop with the doses of mecholy! used in our experiments. 

Case Report. (J. H.) This patient seemed unusually sensitive to 
mecholyl administration, so that with 10 mg. of the drug, the reaction was 
as great or greater than the reaction in most patients when 25 mg. were 
given (Chart II). When 25 mg. of mecholyl were given on each of 2 occa- 
sions, incomplete and shifting heart block developed (Figs. 2a, b, 4); 22 
seconds after administration of the drug the P—R interval had lengthened 
to 0.30 second. Then followed 4:1 block, 3:1 block, and 2:1 block in rapid 
succession. At times, complete block seemed present since ventricular 
complexes without preceding P waves were evident. Various changes in 
the P waves were present during this interval of about 2 minutes: diphasic 
P, notched P, and at times inverted P. The auricular rate during this 
period of block was constantly at 90 per minute, the ventricular rate varying 
between 42 and 72. After about 1 minute 2:1 block became the most usual 
phenomenon, although at intervals there were runs of tachycardia when 
the block was broken and the ventricle followed the auricle at each auricular 
impulse. The ventricular rate then averaged 60 to 72 per minute. Finally 
after 2 minutes of changing block, a normal sinus rhythm developed. 

In another experiment, performed 1 week later, it was noted that electro- 
cardiographic abnormalities developed almost immediately after injection 
of the drug (Fig. 4). In 20 seconds 2:1 block was evident. Fora few seconds 
there was a run of ventricular fibrillation, followed by various types of 
block. Finally 2:1 block predominated with auricular rate of 100. 


To summarize, the effects of mecholy! on the circulation as noted 
in these experiments, were as follows: (1) a slight fall in blood 
pressure; (2) moderate tachycardia; (3) a definitely or even markedly 
increased P-—R interval and increased ratio of the P—R interval to 
the complete cardiac cycle; (4) exceptionally, in the doses given 
(25 mg.) varying degrees of heart block—2:1, 3:1, 4:1; (5) certain 
other inconstant and occasional changes, such as ventricular extra- 
systoles, ventricular fibrillation, widened and notched P waves, 
flattening of the 7’ wave, and depression of the S 7’ segment. 
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30 secs. 


50 secs. 
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Fic. 1.—Mecholyl (25 mg. s.c.). At 30 seconds the P-R interval becomes very 
much lengthened and finally lost in the preceding JT wave. Simultaneously there is 
acceleration of the heart rate except for an occasional dropped beat (D). At 50 
seconds the P wave becomes ‘“‘unloosened”’ from the 7 wave; completely so at 75 
seconds. 
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Fig. 2.—Mecholyl (25 mg. s.c.) in a patient very sensitive to the drug. Twenty 
seconds following administration there is irregular block; at 35 seconds the block is 
mainly 2:1 in type; at 45 seconds there is tachycardia and lengthening of the P-R 
interval with occasional dropped beats. This is maintained during the next 35 sec- 
onds. Three seconds after atropine sulphate 1.3 mg. intravenously, the block dis- 
appears and the rhythm becomes regular. 
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Fic. 3.—Atropine sulphate given intravenously at the height of the mecholyl 
reaction. Tachycardia and prolongation of the P-R interval 45 seconds after mecholy] 
is given. Thirty seconds after administration of atropine the P-R interval beccmes 
very much shortened and possibly less than the control reading. 
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Fic. 4.—Mecholyl (25 mg. s.c.) in the hypersensitive patient J.H. Thirty seconds 
after mecholyl, atropine sulphate (1.3 mg.) is givenintravenously. Within 35 seconds 
after atropine administration the heart block has disappeared; within 55 seconds the 
P-R interval is normal. Note the run of ventricular fibrillation at 8 seconds after 
mecholy]. 
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after atropine 


3 minutes 
after atropine 
30 seconds 
after mecholyl 


Fic. 5.—Mecholyl administered after the previous injection of atropine. Note 
that (despite the absence of the various general effects of mecholyl) there is tachy- 
cardia and some prolongation of P—R interval, indicating that the atropine has not 
completely blocked the mecholy] effect. 
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Fic. 6.—Prostigmin (0.5 mg.) and mecholyl (10 mg.) s.c. Bradycardia occurs 
after prostigmin administration without lengthening of the P—R interval, and tachy- 
cardia with slight lengthening of the P-R interval 1 minute after mecholyl is given. 
Bradycardia then occurs, becoming quite marked 7}; minutes after mecholyl is admin- 
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after mecholyl 
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after mecholyl 
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Fic. 7.—Prostigmin (1 mg. s.c.) followed in 26 minutes by mecholyl (25 mg.). 
Bradycardia occurs after prostigmin administration without lengthening of the P-R 
interval. Thirty seconds after the administration of mecholyl the P—R interval is 
becoming lengthened, and at 40 seconds irregular block is present. One and one-half 
minutes after mecholy] the block appears to be complete at times. Note the inversion 
of P waves at 1 minute and 40 seconds after mecholyl, indicating ectopic auricular 
foci. The heart reverts to a regular rhythm with bradycardia 3 minutes and 30 
seconds after injection of mecholyl. 
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Fic. 8.—Prostigmin administered subcutaneously 24 minutes prior to the injection 
of mechylol (15 mg.)._ Seven minutes after mecholy] is given there is almost complete 
block, and 8 minutes after there is almost complete asystole during which the patient 
was in collapse and pulseless. Atropine sulphate was administered intravenously 
together with benzedrine sulphate, following which the patient developed auricular 
and ventricular fibrillation and made complete recovery. 
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Prostigmin and Prostigmin Followed by Mecholyl (Figs. 6, 7, 8). 
Previous experiments have demonstrated the marked synergizing 
effects of prostigmin given previous to mecholy! administration and 
have shown that a very small dose of mecholyl, without effect alone, 
will cause the typical effects of a large dose of mecholy] if prostigmin 
is previously administered. 

Prostigmin. Prostigmin was given in 5 cases in dosage of 0.5 to 
1.5 mg. without demonstrable change in the blood pressure; in 
every case there was a definite lowering of the pulse rate. Although 
bradycardia developed, there was no definite change in the P-R 
interval. Other slight changes occurred in the electrocardiogram: 
slightly notched P wave in one, slightly flattened P wave in another 
higher 7’ wave in third case. In general, prostigmin caused very 
little demonstrable effect on the circulation. 

Prostigmin Followed by Mecholyl. A preliminary dosage of pros- 
tigmin of 0.5 to 1 mg. was followed by varying doses of mecholy]l 
in 6 cases. The resulting effects varied not so much with the dosage 
of prostigmin as with the secondary dose of mecholyl. In Case 6, 
given 0.5 mg. of prostigmin followed by 2 mg. of mecholyl 16 min- 
utes later, there was no change whatever in the pulse rate and the 
P-R interval. The blood pressure rose from 114/84 to 134/92. In 
Cases | and 5, 5 mg. of mecholy! were given after preliminary doses 
of 0.5 and 1 mg. of prostigmin respectively. In both of these 
cases, the cardiac rate rose rather markedly within 30 seconds to 
2 minutes after mecholyl administration. With this rise in cardiac 
rate, there. was a moderate drop in blood pressure and a slight 
although definite increase in the P-R interval.* Case 3 (Fig. 6) 
given 10 mg. of mecholyl after a previous dose of 0.5 mg. of pros- 
tigmin was interesting in that, after a preliminary rise in the cardiac 
rate from 60 to 105, marked slowing occurred within 6 to 8 minutes, 
the heart rate diminishing to 50 per minute. The blood pressure, 
which had risen from 132/86 to 156/82 after prostigmin, fell markedly 
when mecholyl was given and reached a low level of 70/40 10 min- 
utes after the second drug was given. The P—R interval was prac- 
tically unchanged during this period of bradycardia. The 7’ wave 
became slightly flattened during this period but otherwise there 
were no changes. 

In 2 cases previously given prostigmin, mecholyl was given in the 
usual dose of 25 mg. The results were so striking, withal so drastic, 
that further experimentation with these dosages was thought inad- 
visable. 

In Case 4 (Fig. 7), 26 minutes after a dose of 0.5 mg. of prostigmin, 25 mg. 
of mecholyl were given subcutaneously. In 30 seconds, the heart rate had 
risen from 66 to 88 per minute. At the 40-second interval the P-R interval 


increased from 0.20 to 0.24 second. At 42 and at 44 seconds, dropped 
beats occurred, following which all the various types and gradations of 


* These considerations of pulse rate and blood pressure are taken up more fully 
in another paper on the synergism between prostigmin and mecholyl. 
vou. 195, No. 1.—JaNuaARY, 1938 4 
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shifting heart block were present for 3 minutes. Complete block at first 
occurred and lasted for about 13 minutes. During this time the P wave 
was frequently depressed or inverted. The ventricular rate during this 
period ranged from 36 to 48, the auricular rate from 57 to 63 per minute. 
During the next 2 minutes, ventricular contractions at times occurred with- 
out previous P waves, and P waves were frequently depressed, suggesting 
a continuation of the idio-ventricular (and auricular) rhythm. Finally, at 
approximately 33 minutes there was reversion to normal rhythm, although 
at a slow rate (sinus bradycardia) 54 per minute. 

Case 2 was given 1 mg. of prostigmin subcutaneously (Fig. 8). No per- 
ceptible clinical changes occurred during this period and the heart rate was 
only slightly slowed: from 84 to 72 per minute. At the end of 24 minutes, 
25 mg. of mecholyl was given subcutaneously. At the end of 6 minutes, no 
change had occurred: the rate was still 72 per minute and the P-R interval 
was still 0.18 second. However, } minute later, there was 2:1 heart block 
with a ventricular rate of 40 per minute. Thirty seconds later, at the 7- 
minute interval, complete block developed. At first shifting block occurred: 
2:1, 3:1, 4:1, with shifting P-R interval. Finally complete block developed 
with a ventricular rate of 35 (auricular rate 60) per minute. The patient 
at this period became extremely uncomfortable, sat up, and vomited pro- 
fusely. The “beam” wandered completely off the record and the tracings 
became illegible for about a minute. Following this, there was total arrhy- 
thmia, which appeared to be ventricular fibrillation. Eight minutes after 
mecholyl was given, the patient went into collapse, the pupils were widely 
dilated, the pulse was imperceptible, and respirations ceased. No records 
were obtained during this period, the physicians being occupied in injecting 
first atropine sulphate 1 mg. and then benzedrine sulphate 25 mg. For- 
tunately, a few seconds after these drugs had been given, a short strip was 
taken on the electrocardiogram. At first, this showed complete heart block 
with the QRS complexes of extremely low amplitude. Then followed a 
period of complete asystole which lasted for 7.5 seconds, and during which 
neither auricular nor ventricular complexes were recognizable. Recovery 
then began, heralded by P waves at irregular intervals, and then finally an 
occasional very small ventricular complex. Many auricular waves then 
appeared in succession for about 2 seconds (probable auricular fibrillation) 
followed by an interval of ventricular fibrillation lasting about 30 seconds. 
The electrodes became disconnected at this period. Finally, about 3 min- 
utes after atropine had been given, the pulse became perceptible and the 
patient made an uneventful recovery. 


Atropine (Figs. 2, 3, 4, 5). Atropine sulphate was given either 
subcutaneously or intravenously and always in dosage of =‘; grain 
(1.3 mg.), although this dose was repeated in one case. 

Atropine Administered Alone. ‘The effects of the drug when ad- 
ministered alone were studied in 3 cases. In Case 1 there was slight 
rise in cardiac rate and a diminution within 1 minute of the P-R 
interval from 0.18 to 0.14 second. In Case 3, there was no change 
in the heart rate and only questionable change in the P—R interval. 
The blood pressure was not affected. 

Atropine Following Previous Administration of Mecholyl. Mecholy| 
as the primary drug was followed in 6 cases by atropine sulphate 
given either intramuscularly or intravenously. The cessation of 
all the symptoms of the clinical effects produced by the use of 
atropine is a striking phenomenon which has been described 
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elsewhere. An extremely rapid effect resulted from intravenous 
administration of the atropine. 

Pulse Rate and Blood Pressure. It would naturally be expected 
that mecholyl, a “parasympathetic stimulant,’’ would slow the 
pulse and atropine, a “‘parasympathetic paralysant,” increase it. 
However, in our experiments, as noted above, the pulse rate be- 
came accelerated with mecholyl. Asa corollary to this phenomenon, 
when atropine was given during the period of mecholy! tachycardia, 
actual slowing of the pulse rate occurred (Cases 3, 5, and possibly 
4, Chart III). In the other 3 cases, no definite change in the pulse 
rate occurred except that in Case 1, in which 2:1 heart block was 
present with a ventricular rate of 50, the pulse rate rose first to 
120 in 30 seconds and then slowed to 104 in 2 minutes. 

The effects on the blood pressure were rather uniform. Following 
mecholyl, there was always a fall in pressure as noted above. With- 
in 13 to 2 minutes after atropine was given, however, there was a 
sharp and sudden rise in blood pressure which in every case observed 
became higher than its original level. In the 2 cases in which records 
of the blood pressure were taken for several minutes after atropine 
was given, there was gradual drop in pressure from the immediate 
high level to a normal level. 

P-R Interval and Cardiac Rhythm. The P-R interval, which 
in every instance had become lengthened as the result of previous 
mecholyl administration, became appreciably and at times mark- 
edly shortened within 30 seconds after atropine was administered. 
Further slight shortening took place within the next few minutes 
in some of the cases. In Case 1, with 2:1 heart block, the heart 
became completely regular with s-a tachycardia within 30 seconds 
after atropine was given intravenously; in Case 5, with occasional 
dropped beats and P waves encroaching on the 7’ complex (g.v.), 
there was almost immediate reversion to a completely regular 
rhythm when atropine was given. 

Atropine Followed .by Mecholyl.. In 3 cases previously atropin- 
ized, 25 mg. of mecholyl were given within 7 to 12 minutes. In 
every case, a definite rise in heart rate occurred within 2 minutes 
after mecholyl was given. This was accompanied by the above 
mentioned characteristic effects of mecholyl on the cardiac mechanism 
(Fig. 5). None of the other clinical phenomena of the mecholy] re- 
action were present, except possibly for a slight flush over the face and 
chest. No sweating, salivation, rhinorrhea or lacrimation took place. 

Atropine and Prostigmin. In one case, atropine was given follow- 
ing the previous administration of 1.5 mg. of prostigmin. The 
bradycardia produced by the prostigmin was transformed within 
| minute to the normal heart rate of 88 per minute. The P—R inter- 
val which had not been affected by the prostigmin became dimin- 
ished following atropine administration. 

In one case, both atropine and prostigmin were given 263 minutes 
before administration of 25 mg. of mecholyl (Chart IV). No 
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clinical effects were noted although at a previous experiment on the 
same patient (H. H.) complete heart block had developed when 
mecholyl was given following the previous administration of pros- 
tigmin. The heart rate became slightly elevated, the P—R interval 
became unchanged, and there was slight increase in PR:TCC 
ratio. 

Benzedrine. The effects of benzedrine on the pulse and blood 
pressure have received consideration in a previous publication.'®* 
With the dosage of benzedrine ordinarily used in our experimenta- 
tion (30 to 40 mg.), the pulse rate is only slightly affected and may 
even become somewhat slowed. The striking effect is upon the 
blood pressure which almost always becomes elevated, frequently 
to marked degree. In the present group of experiments, particular 
attention was paid to possible effects upon the ECG. 
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Prostiqmin mq. tm. 


Cuart IV.—H. H. The effect of atropine when given prior to the administra- 
tion of prostigmin and mecholyl with resultant complete absence of the mecholyl 
effect except for tachycardia. 


Benzedrine sulphate was administered as the only drug in 6 cases. 
In Case 1 (C. P.), given 40 mg. of benzedrine subcutaneously, the 
heart rate became somewhat slowed—from 88 to 66 while the blood 
pressure rose from 116/80 to 164/98. The P-R interval was pos- 
sibly somewhat diminished, the voltage of the 7 wave in Lead II 
became definitely increased from 0.3 to 0.5 MV., and a prominent 
U wave became apparent. Otherwise no changes occurred. In 
Case 2 (D. F.), also given 40 mg. of benzedrine sulphate subcu- 
taneously, no changes whatever occurred in the P-R interval or 
in the voltage of the various waves although there was a marked 
rise in blood pressure from 118/80 to 172/100. In Case 3 (J. S.), 
given 30 mg. of the drug, the cardiac rate became increased from 
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72 to 100 per minute, the blood pressure rising only slightly —from 
100/60 to 130/80. The P-R interval was essentially unchanged 
(0.50 to 0.45 second). The 7 wave in Lead II became definitely 
diminished in voltage from 0.6 to 0.35 MV., one ventricular extra- 
systole was seen but otherwise no changes occurred. 

Previous experimentation had shown that atropine enhances the 
sympathetic effect of benzedrine. Accordingly, in one case (G. S.) 
atropine sulphate, gr. = (1.3 mg.), was given simultaneously 
with 20 mg. of benzedrine sulphate. The blood pressure rose from 
122/84 to 150/110 and the pulse rate from 64 to 108 per minute. 
Aside from a slight diminution in the voltage of the 7 wave in 
Lead II, no changes occurred in the electrocardiograms. In another 
case, prostigmin, 1 mg., was given together with benzedrine sul- 
phate 40 mg. The P-R interval became somewhat shortened— 
from 0.16 to 0.12 to 0.14 second and a prominent U wave became 
apparent in Lead II after 41 minutes. Otherwise, no essential 
changes were noted. 

In summary, the few experiments carried out with benzedrine 
sulphate demonstrated very little effect on the electrocardiogram 
in the doses used. The 7’ waves were slightly affected and a prom- 
inent U wave became apparent in.2 cases. 

Discussion. I. EssENTIAL PHYSIOLOGY AND PHARMACOLOGY. As 
the actions of these various chemicals have been presented else- 
where,'®-'® they will not be presented here in detail. 

It has been abundantly shown that sympathomimetic or adren- 
ergic drugs (adrenaline, benzedrine) act like sympathin—on the 
second synapse of the sympathetic nervous system, while para- 
sympathomimetic (or cholinergic) drugs act on the myoneural and 
tissue connections of the vagus (and possibly on the first synapse 
of the sympathetic Physostigmin (and pros- 
tigmin) have special actions which ultimately become cholinergic. 
According to the most recent conceptions,**®> these drugs inhibit 
the enzymic activities of the esterases and thus enhance the effects 
of the normal concentrations of acetylcholine which are already 
present. Atropine by acting on the myoneural junctions in the 
tissues prevents acetylcholine from permeating the cell membrane 
with resultant loss of its characteristic effects. 

The heart may be said to be delicately poised between two oppos- 
ing chemical mechanisms.®° On the one hand is the accelerator 
mechanism activated through the sympathetic system; on the other, 
is the “decelerator” or “brake’’ mechanism which is innervated 
through the medium of the vagus nerve. It is likely that the ter- 
minal myoneural junctions are present not only in the sino-auricular 
node but in the auricles themselves, the auriculoventricular node, 
the bundle of His, and the entire Purkinje system. Both sympathin 
and acetylcholine bring about their ultimate effects by acting on 
these widely distributed junctions. 

* Cf. Refs. 14, 15. 
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II. ANALYSIS OF THE EXPERIMENTAL Resutts. 1. Mecholyl. 
The two outstanding effects of mecholy] on the heart as shown by the 
electrocardiogram were tachycardia and prolongation of the con- 
duction time between the auricle and ventricle. 

(a) Tachycardia. Since this drug is conceded by most investi- 
gators to be the most active and the purest example known of a 
parasympathomimetic drug,"** the tachycardia which develops 
almost constantly seems paradoxical. In animal experimentation, 
furthermore, investigators have usually described bradycardia 
rather than tachycardia.t| This is probably explainable by the 
relatively large dosage of drug used in animal experimentation with 
the probable production of complete heart block. In one case not 
reported above, a patient was mistakenly given 150 mg. of mecholy] 
rather than the usual dose of 25 mg., with the result that complete 
block (not recorded by electrocardiogram) developed within a few 
seconds. The ordinary dosages given in our experiments, although 
considered relatively large for human administration, are very much 
smaller per unit of body weight than in animal experiments and 
therefore productive possibly of somewhat different effects. 

The cause of the tachycardia is obscure. If the drug is really 
vagomimetic, bradycardia should, develop. One may speculate on 
the possible reasons for the tachycardia. Is it due (1) to the drop 
in blood pressure which occurs coincidentally with the rise in heart 
rate; (2) to an acetylcholine effect on the sympathetic (accelerator) 
nerves to the heart, or (3) is it a nicotine effect? 

1. The drop in blood pressure takes place coincidentally with the 
rise in pulse rate, and it is usually true that the greater the drop in 
pressure, the greater is the tachycardia. A study of the percentage 
drops in blood pressure and rises in heart rate shows that the rise 
in heart rate is usually greater than the fall in blood pressure and 
often much greater. In certain instances a definite tachycardia 
was present without definite fall in pressure. 

2. If it is correct that acetylcholine is liberated at the first synapse 
of the sympathetic system,’*” then the injection of acetylcholine might 
enhance the ordinary acetylcholine activity at this synapse and 
thus result in stimulation of the accelerator sympathetic fibers. 
That this might be the case is indicated in the electrocardiograms 
in which the tachycardia is seen to be of the “sinus” type denoting 
direct stimulation of the accelerator activity of the sino-auricular 
node. This is also confirmed by the results of mecholyl-atropine 
administration. The tachycardia induced by mecholyl was not 
abolished by the dosages of atropine used in our experiments (1.3 
to 2.6 mg. or ;'; to 3's gr.) although all the clinical effects such 
as perspiration, salivation, rhinorrhea, etc. could be prevented even 
with the use of only 0.065 mg. (;\y gr.). This tachycardia was 
present despite the fact that following the use of atropine, a sharp 
rise in blood pressure took place. This phenomenon not only mili- 
tates against the theory that the tachycardia induced by mecholy] 
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is due to a fall in blood pressure, but almost certainly points to the 
conclusion that this phenomenon is divorced from the parasym- 
pathetic nervous system and related to a direct action of mecholy] 
on the sympathetic or accelerating mechanism of the heart. 

3. Acetylcholine, which has been actively studied for many years, 
was universally thought to have a double effect: a “muscarine”’ 
action paralyzed by atropine and a “nicotine” action.“*> The 
muscarine action is the typical one of the vagus, whereas that of 
nicotine is a mixed and complicated one, especially on the circula- 
tion, since it may not only cause stimulation of the accelerator 
ganglia but may also slow the heart, depending to great extent upon 
the dosage employed.’ In this respect, mecholy] recalls the nicotine 
type of reaction and it is possible that this drug does not have a 
pure muscarine type of effect, but may also have a few of the effects 
of nicotine in small dosage. 

(b) Prolongation of A-V Conduction Time. ‘The second striking 
effect of mecholyl administration is the increased conduction time 
between auricle and ventricle. Various gradations in results occur 
although the results obtained in the same patient on different days 
were astonishingly uniform. Only one patient of our series given 
the ordinary dosage of mecholyl developed greater degrees of heart 
block. As noted above, this patient appeared to be unusually 
sensitive to mecholyl administration. 

(c) Other Changes. In no instance in our series of cases given 
mecholyl alone was an arrhythmia produced, other than that due 
to heart block, although very small ventricular extrasystoles were 
at times seen and ventricular fibrillation in one very sensitive case. 
Neither sinus arrhythmia, as noted by Starr, Elsom, Reisinger, and 
Richards,‘ nor auricular fibrillation, as noted by Nahum and Hoff” 
in their hyperthyroid patients, developed. The latter investigators 
felt that since they were able to induce transient auricular fibrilla- 
tion in 5 patients given large doses (50 mg.) of mecholyl, one of the 
factors in the spontaneous production of auricular fibrillation was 
the action of the vagus nerves on the heart. Since auricular fibrilla- 
tion did not develop in normals given either mecholy! or an electric 
shock, Nahum and Hoff postulated that fibrillation is due to the 
simultaneous action on the heart of two factors (1) the vagus nerves, 
and (2) an “E” irritating factor. These conclusions may possibly 
be criticized in that the action of the vagus is not necessarily that 
of mecholyl, since discrepant actions are sometimes noted; and 
furthermore the accelerator stimulating effect induced by mecholy] 
may have been so much greater in hyperthyroidism than in the 
normal that the circus motion of auricular fibrillation rather than 
the regular rhythm of s-a tachycardia might have been set up in 
the auricle. 

In summary, the chief cardiac effect of mecholyl is a ‘“‘dromo- 
tropic” one due to its action on the conducting mechanism; this 
may become a “chronotropic” effect if severe grades of heart block 
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develop, but ordinarily tachycardia is present. There may be an 
“inotropic” action on the heart muscle as evidenced by the presence 
of abortive ventricular extrasystoles and minor changes in the 7’ 
waves. The vagal slowing (“‘chronotropic’’) effect due to a direct 
action on the s-a nodes seems to be entirely lacking (Cf. Armstrong.') 
In work with acetylcholine on the hearts of eels and turtles, Fischer*® 
demonstrated that this drug had little influence upon the pace- 
maker and upon the size of the movements of the right vena cava, 
even though the conduction to the auricles might be completely 
blocked. He concludes that vagal stimulation probably causes the 
release of different chemical transmitters depending upon the points 
at which the nerves terminate. 

2. The Synergistic Effect of Prostigmin on the Mecholyl Reaction 
and the Blocking Effect of Atropine. For many years the assertion 
was simply made that physostigmin was a parasympathetic stimu- 
lant and therefore resulted in such typical parasympathetic effects 
as salivation, perspiration, increased intestinal motility and the like, 
although it was recognized that these effects were not always typical 
of parasympathetic stimulation. In recent years an entirely new 
conception of the action of physostigmin has been elucidated. This 
concept rests upon the assumption that enzymes called ‘‘esterases’’ 
are normally present in the tissues in close association with the 
myoneural junctions and cells where acetylcholine is liberated. 
These esterases seem to be active in the constant destruction of 
acetylcholine and apparently prevent its accumulation in the tis- 
sues. According to many recent investigations, physostigmin (and 
prostigmin) inhibit the activity of the esterases and thus allow the 
full acetylcholine effect. Thus the action of physostigmin is in 
reality the action of acetylcholine which is “unmasked”’ or released 
by the inhibitory or neutralization effect upon the esterases. 

In the electrocardiogram, the effect of the drug when given alone 
was to produce slowing of the heart, apparently by a direct action 
on the s-a node since no change in the P-R interval took place. 
When the ordinary doses of mecholy] were given following an initial 
injection of prostigmin, the full effects of extreme dosage with 
mecholyl were evident: complete and incomplete heart block, col- 
lapse, etc. When mecholyl was given in small doses after an initial 
injection of prostigmin, the typical effects of a large dose of mecholy] 
developed: tachycardia, prolongation of the P-R interval. This 
was not always true, however, since when a small dose of prostigmin 
was followed by a relatively small dose of mecholyl, marked brady- 
cardia might develop after an initial and fleeting tachycardia. It 
may be stated, then, that prostigmin allows the development of a 
full or pure acetylcholine effect. 

Atropine inhibits the effect of prostigmin on the s-a node and 
also completely prevents (except for slight tachycardia) the mecholy| 
effects of the prostigmin-mecholyl combination. Atropine would 
thus appear to act upon the nerve endings of the vagus supplying 
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both the s-a node and the conducting bundle. In the presence of 
the inhibitory or blocking effect of atropine, acetylcholine cannot 
act and thus the three characteristic effects of the vagus on the heart 
(chronotropic, dromotropic, inotropic) are lost. This results in: 
(1) tachycardia; (2) shortening of the P-R interval; and, (3) rise 
in blood pressure. 

3. Benzedrine. Benzedrine sulphate, a sympathomimetic drug, 
has a far “‘gentler’’ and more sustained effect than the related drug 
adrenalin. Its effects upon the blood pressure were much more 
constant and striking than upon the electrocardiogram in which only 
minor changes in voltage, principally of the secondary ventricular 
waves, were noted. No definite effects either upon the s-a node or 
the conducting bundle could be elicited. 

III. The clinical implications are 
numerous. It has long been known that cases of marked brady- 
cardia, partial heart block, and even of complete block may at times 
be on a “functional” basis, the heart apparently being normal except 
for its rhythmic disturbance. That this might be due to an enhanced 
vagal effect has long been suspected. The production of brady- 
cardia, increased conduction time between the auricle and ventricle, 
and of various grades of severe heart block in normal individuals, 
by the use of the chemical mediator of the vagal impulses indicates 
that the heart block of certain—chiefly young— individuals is prob- 
ably due to a vagal, 7. e., an acetylcholine, effect. 

The therapeutic implications of the drugs we have studied easily 
suggest themselves. Starr and his co-workers**’ have already 
utilized mecholy! extensively in the clinic, particularly in paroxysmal 
auricular tachycardia. Personal observation of the use of this drug 
has convinced us that it is frequently a dangerous one to use, par- 
ticularly in the elderly. Sufficient emphasis does not appear to 
have been placed upon the constant and often quite marked tachy- 
cardia which follows the use of the drug in its ordinary dosage. 
This together with the sudden drop in blood pressure may prove 
a positive deterrent:to the use of mecholy] in these cases. It should 
be noted, too, that other studies have demonstrated an adverse 
effect upon the coronary circulation,” so that the use of mecholvy] 
in those suspected of having coronary disease is probably contra- 
indicated. The so-called “side-effects” of mecholyl should also be 
kept in mind. These are in reality just as much part of the mecholy] 
reaction as the effects on the heart. The extreme perspiration and 
especially the extreme salivation and increase in the bronchial 
secretion may prove very distressing. In any event, the striking 
effect of even such small doses as 25 mg. of mecholyl upon the 
healthy, vigorous young male should make the clinician wary of its 
use in those affected with heart disease. 

Better results in cases of severe tachycardia may possibly be 
obtained by the judicious combination of small doses of prostigmin 
and small doses of mecholyl. We wish to make it clear that these 
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drugs should not be used unless their effects have been thoroughly 
studied and understood. The drastic actions of the prostigmin- 

mecholyl combination are worthy of great respect. However, the 

careful clinician should not be deterred from using a relatively small 

dosage (say 10 mg.) of mecholyl after 0.5 mg. of prostigmin. With 

this combination, marked bradycardia and moderate prolongation 

of the P—R interval may be obtained, although if a complete block- 

ing effect is desired, as in paroxysmal auricular tachycardia, a full 

dose of 25 mg. of mecholyl may be necessary. At all events, when- 

ever mecholyl or prostigmin-mecholyl is being used, 2 is always 

necessary to have close by a syringe filled with a solution of atropine 

sulphate. ‘The dosage of atropine is not so important as its readiness 

for immediate use. Injection is preferably made intravenously, since 

by this route complete cessation of the mecholy] effect will be pro- 
duced within 30 seconds in almost all cases. If the injection is given 

subcutaneously, 2 to 4 minutes may supervene before the reaction is 
terminated. 

It is possible that prostigmin given alone in sufficient and fre- 
quent dosage may prove of some value in causing diminution of 
heart rate without the use of mecholyl. This would of course be 
preferable since there is no reduction in blood pressure, no perspira- 
tion or salivation, and most important of all, no complicating tachy- 
cardia. 

The effects of mecholy! in lowering the blood pressure have natur- 
ally resulted in its use in hypertension, so far without effect except 
a very temporary one of about 15 to 30 minutes. Whether the pro- 
cedure of iontophoresis more or less continuously applied might 
prove helpful in this regard is still subject to future investigation. 
In some of our other experiments, chiefly on the gastric juice, ionto- 
phoresis with mecholyl resulted in continuous achlorhydria and 
mucin production for 60 to 120 minutes. The procedure of ionto- 
phoresis with mecholy] has already proved helpful in the treatment 
of vacular disorders of the extremities and possibly in chronic atro- 
phic arthritis. Again, it should be reiterated that even in these con- 
ditions, the so-called side effects of mecholyl should constantly be 
kept in mind particularly when the procedure is utilized in the 
elderly and in those with suspected coronary disorders. 

The effects of benzedrine on the circulation, particularly in shock, 
peripheral circulatory collapse, and following the use of intravenous 
amytal anesthesia have already been cited in a previous article. 
Because of its hypertensive effect, benzedrine may also prove useful 
in the severe hypotension of peripheral circulatory failure and that 
following spinal anesthesia. 

Summary and Conclusions. |. Mecholy] (acetyl-beta-methylcholine 
chloride), prostigmin, atropine, and benzedrine, acting chiefly on the 
autonomic nervous system, were studied for their effects on the 
normal human circulation. Particular attention was paid to electro- 


cardiographic changes. 
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2. Mecholy] in the dosage ordinarily used (25 mg.) causes a fall 
in blood pressure, tachycardia, and an increase in the P-R interval. 
Atropine given intravenously causes immediate cessation of the 
mecholy! effects and when given prior to the administration of 
mecholy] blocks all of the mecholy] effects except the tachycardia. 

*3. Prostigmin given alone causes sinus bradycardia; when given 
prior to mecholy] administration, its effects depend upon the dosages 
utilized. A small dose of prostigmin followed by a small dose of 
mecholyl may cause marked sinus bradycardia; a small dose of 
prostigmin followed by the ordinary dose of mecholyl causes severe 
grades of heart block, at times complete. The synergistic effects 
of the prostigmin-mecholyl combination may be completely blocked 
by the prior administration of atropine. Benzedrine causes a marked 
rise in blood pressure, but only slight and inconstant “inotropic’”’ 
effect on the heart. 

4. The tachycardia of mecholy] is critically analyzed in the light 
of modern investigation on the chemical mediators of the sympath- 
etic nervous system together with the electrocardiographic findings. 

5. Certain clinical considerations present themselves. Slowing 
of the heart may regularly be produced by the careful administration 
of prostigmin and mecholyl. The use of this combination in paroxys- 
mal auricular tachycardia may be of greater value than that of 
mecholyl alone. Benzedrine, because of its prolonged action in 
raising the blood pressure, may be of value in certain cases of periph- 


eral circulatory collapse, postural hypotension, the hypotension of 
spinal anesthesia and of the barbiturates when administered intra- 
venously. 
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IN MEDICINE, HARVARD MEDICAL SCHOOL, BOSTON, MASS. 


(From the Medical Clinic of the Peter Bent Brigham Hospital.) 


In the extensive literature dealing with coronary thrombosis, the 
causes and modes of death have been defined?:** but little attention 
has been directed to their relative incidence. The frequency with 
which pulmonary infarction was found at postmortem examination 
in our patients who died of coronary thrombosis suggested that this 
complication might be more common than is generally believed. 
In order to determine the incidence of pulmonary infarction as 
well as other causes of death, the records of 200 consecutive cases 
of coronary thrombosis proven by autopsy, all of which were exam- 
ined by the Department of Pathology of this hospital, were reviewed. 
They occurred between the years 1913 and 1936. 

These cases were divided into 3 groups according to whether the 
death was sudden, due to congestive heart failure, or due to mis- 
cellaneous group of causes including systemic embolism (Table 1). 


TABLE 1.—MANNER OF DEATH IN 200 AUTOPSIED CASES OF CORONARY THROMBOSIS. 


Type. Number of cases. Per cent. 
Congestive heart failure . « 1a 53.5 
Miscellaneous . 29 14.5 


It is common experience for the fatal termination of the disease 
to be sudden. Usually there is no clinical evidence before death 
which would have suggested the imminence of such an event.*4 
The accepted explanations for such abrupt deaths are ventricular 
fibrillation, complete heart block with a Stokes-Adams attack, and 
rupture of the heart. To this group of causes should be added mas- 
sive pulmonary infarction. In this series, the majority of patients 
were stricken with the disease before coming to the hospital, were 
apparently doing well and then died suddenly and unexpectedly 
within a few minutes. We have used the term “sudden death” in 
this sense rather than applying it only to the group dying instantly. 
Such a rapid termination following coronary thrombosis may occur 
within a few hours or days after the onset, but may be delayed for 
a matter of weeks in the event of either pulmonary embolism or 
Stokes-Adams attack, or until a subsequent cardiac infarction 


occurs. 
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Of the entire group, 64 cases (32%) died suddenly (Table 2). 


TABLE 2.—ANALYSIS OF CasES DYING SUDDENLY 


Per cent of entire Per cent of this 
Cause. Number of cases. group. group. 
Possible ventricular fibrillation 34 17.0 §3.1 
Myocardial rupture. . . . 15 7.5 23.4 
Pulmonary embolism . . . 13 6.5 20.3 
Stokes-Adams . ... . 2 1.0 3.1 


Thirty-four of these (17% of the total) had insufficient pathologic 
changes in the heart or other organs of the body to account for the 
exitus and by inference it is assumed that these patients died of 
ventricular fibrillation. In 15 cases (7.5%), there was found a rup- 
ture of the myocardium. Only 2 patients died during a Stokes- 
Adams attack. In 13 (6.5%), the manner of death appeared similar 
to that produced either by cessation of effective heart action or by 
pulmonary embolism. Autopsy examination gave almost indis- 
putable evidence in every case that pulmonary infarction was the 
probable cause of death since one or both of the main pulmonary 
arteries were obstructed by antemortem thrombi and the resulting 
area of infarction was extensive. In all of these cases, with one 
exception, passive congestion of the lungs was present before death, 
a fact which accounts for the rapidity with which the changes indi- 
cating pulmonary infarction occurred. The single exception was a 
case in which a very large embolus arose from the iliac vein. 

As would be expected of a disease which so seriously damages the 
myocardium on one or more occasions, the commonest cause of 
death is congestive heart failure.*7 In this series of patients, 107 
(53.5%) presented signs typical of cardiac decompensation both 
before and at the time of the terminal event and were considered 
to have died of this cause. It was not uncommon to find transient 
signs of congestive heart failure soon after the myocardial infarc- 
tion occurred, but such cases were not included in this group. A 
few of the patients with cardiac decompensation had in addition 
signs of peripheral vascular collapse. This combination of signs 
occurred in those patients dying shortly after the cardiac infarction, 
but it seemed apparent that the element of congestive failure, mainly 
of the left ventricular type, played the dominant réle in the cause 
of death. 

While bronchopneumonia is the most frequent contributory cause 
of death in congestive heart failure, it was found that the occurrence 
of pulmonary embolism was another important factor in precipitat- 
ing the exitus. Thus, in 35 (32.7%) of the cases with congestive 
heart failure, evidence of moderately extensive pulmonary infarc- 
tion was found at autopsy. These pathologic findings suggesting 
that pulmonary embolism was the most important contributory 
cause of death were further validated by the clinical histories. Many 
of the patients showed typical signs and symptoms of pulmonary 
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embolism, while in others the change in the clinical picture for the 
worse was so abrupt that the occurrence of this complication was the 
most reasonable explanation. 

There were 29 patients (14.5%) who died of causes apart from or 
remotely related to the coronary thrombosis. In order of frequency 
these causes were as follows: bronchopneumonia, 7; cerebral hemor- 
rhage, 6; carcinoma of the lung, 2; uremia, 2; postoperative shock, 
2; septicemia, 2; peritonitis, 2; 1 case each of diabetic coma, rup- 
tured mycotic aneurysm, acute pancreatitis. Only 3 patients of 
this series died as a result of systemic emboli; 2 of these were mesen- 
teric and 1 cerebral. 

Since the incidence of embolism in this series is surprisingly high 
when compared with the figure of 19.2% found by Parkinson and 
Bedford’ and so that of 14.6% found by Conner and Holt,! it is of 
interest to deal more specifically with this complication. Of the 
200 cases, 62 (31%) showed postmortem evidence of embolism. 
Only 49 (24.5%) of these (46 pulmonary, 2 mesenteric and 1 cere- 
bral), as previously noted, were considered as either the main or the 
contributory cause of death. When the sites of infarction were 
studied, it was found that in 36 cases it was pulmonary alone, in 
13 systemic alone, and in 13 both pulmonary and systemic. 

The source of the pulmonary emboli was the interventricular 
septum in 17 cases, the right auricle or right auricular appendage in 
18, and the pelvic or leg veins in 8. The systemic emboli had their 
origin in thrombi from the endocardial surface of the left ventricle 
in 20 cases and from that of the left auricle in 3. (In 4 cases emboli 
arose from 2 different sources which accounts for the apparent dis- 
crepancy in the total of 66 cases.) 

Summary and Conclusions. A study of the causes of death in 200 
autopsied cases of coronary thrombosis shows that 32% of the pa- 
tients died suddenly, 53.5% died of congestive heart failure and 
14.5% of other causes. Of this latter group, 2 died of mesenteric 
embolism and 1 of cerebral embolism. 

In addition to myocardial rupture, ventricular fibrillation, and 
Stokes-Adams attacks, it was found that pulmonary embolism 
accounted for sudden death in 6.5% of the cases. 

In 107 patients dying of congestive heart failure, pulmonary 
embolism was the most important contributory cause of death in 
35 (32.7%). 

Embolism occurred in 62 cases (31%), but in only 49 (24.5%) did 
this complication affect the outcome of the disease. 
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BOOK REVIEWS AND NOTICES. 


INJECTION TREATMENT OF Hernia. By Cart O. Rice, M.D., F.A.CS., 
Instructor in Surgery, University of Minnesota School of Medicine; 
Surgeon in Charge of the Surgical Out-Patient Department of the Minne- 
apolis General Hospital, etc. With the assistance and codperation of 
Hamuin Mattson, M.D. Pp. 266; 83 illustrations. Philadelphia: 
F. A. Davis Company, 1937. Price, $4.50. 


Dr. Rice has prepared a compact monograph on the injection treatment 
of hernia, a subject which is forcing its way into recognition as an acceptable 
method of treating some forms of hernia. Chapters on the historical devel- 
opment of the injection method and on the classification of hernia precede 
the more important portion of the book. The author gives excellent and 
concrete discussions of the anatomy and the etiology of hernia, and in a 
short chapter points out the necessity and method of making.a differential 
diagnosis, especially in the inguinal herniz. The sixth chapter, devoted 
to the truss, is the only modern and concise discussion of its sort that is 
known to the Reviewer. A chapter on the technique of treatment of hernia 
by injection describes in detail the method used by the author and his 
associates. He describes the various solutions which have been used, illus- 
trates the various points in the technique and discusses the immediate and 
late complications, giving methods of treatment. Then follows a description 
of the experimental work done by the author to demonstrate the develop- 
ment of fibrous tissue resulting from injections. The last chapter, a sum- 
mary of the sections of workmen’s compensation laws relating to hernia, 
does not seem to be related in any way to the injection treatment of hernia. 

The book serves its purpose very well in that it gives the reader a clear 
picture of the history, method and results of the injection method of hernia 
treatment. It is well illustrated and will prove valuable to those who wish 
to treat hernia by this method. The author’s experience makes the book 
authoritative. L. F. 


THE PRINCIPLES AND PRACTICE OF CLINICAL PsycH1aTRY. By Morris 
BraubE, M.D., Associate Clinical Professor of Psychiatry, Rush Medical 
College, The University of Chicago; Attending Psychiatrist, Cook County 
Psychopathic Hospital, Chicago. Pp. 382; 7 illustrations. Philadelphia: 
P. Blakiston’s Son & Co., Inc., 1937. Price, $4.00. 

THE purpose of the writer is to simplify the field of mental disease so it 
may be more readily grasped by the student of medicine, of social science 
and of jurisprudence. An important chapter and one frequently omitted 
from more pretentious works on psychiatry is Simulation; however, the 
meaning of this ruse should not be confined to the “feigning of illness;’” for 
instance, those in mental hospitals frequently simulate sanity in the effort 
for release. The chapter on psychoanalysis is well written and its numerous 
definitions are an aid to the understanding of this controversial subject. In 
addition to the major psychoses, the psychoneuroses and mental deficiency 
are considered. Each chapter contains a bibliography that is helpful to the 
student desiring further enlightenment. It may be said the author attains 
his objective and that criticism for the most part can only be made in minor 
matters, such as the term, “criminally insane” —an impossible entity. 

N. Y. 
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Tue Trarricin HeAttH. By CHARLES Sotomon, M.D., Assistant Clinical 
Professor of Medicine, Long Island College of Medicine; Lecturer in 
Materia Medica, Training School for Nurses, Jewish Hospital of Brook- 
lyn. Pp. 393. New York: Navarre Publishing Company, 1937. Price, 
$2.75. 


Tuis book is a sermon for laymen on the subject of “patent” medicines 
and cosmetics, and bids for readers’ attention by means of its dramatic title 
and striking dust-jacket. The information presented is similar to that con- 
tained in the American Medical Association’s ‘““Nostrums and Quackery,”’ 
and dissemination of it would no doubt benefit the general public. Many 
familiar “‘patent’”’ medicines are described as to composition, alleged action 
or therapeutic purpose, manufacturing cost, and retail price. A section on 
cosmetics presents similar information, and might be particularly disillusion- 
ing to the users of those preparations. There are several general discussions 
of therapeutic principles, dietetics, obesity, diabetes, tuberculosis, allergy, 
and the like. There is an extensive bibliography for readers who desire 
more information. The index is excellent, listing every reference to each 
nostrum. Numerous repetitions make the text prosy in spots. The proof- 
reading is poor (e. g., the famous Koch “cancer cure” is hidden behind the 
misprint ‘“‘Kich’’). The style throughout is hortatory and condemnatory; 
but probably the subject-matter does not permit the author to gloss over 
the minor frailties of the better pharmaceutical houses, or to intimate that 
at times a little quackery may even serve a useful therapeutic purpose. 
Altogether, the book makes interesting reading even for a physician. The 
sermon might have been better had it been briefer. J. C. 


ATLAas OF HematToLtocy. By Epwin E. Oscoop, M.A., M.D., Assistant 
Professor of Medicine and Head of Experimental Medicine, University 
of Oregon Medical School, Portland, and CLarice M. AsHworRTH, 
Medical Illustrator, University of Oregon Medical School, Portland. 
Pp. 255; 325 illustrations and frontispiece, all in full color. San Francisco: 
J. W. Stacey, Inc., 1937. Price, $10.00. 


An Atlas of Hematology with none but colored illustrations is a rare 
product in this country where the cost of engravings in color seems so in- 
ordinately high. With this in mind, the cost of this volume is not excessive, 
especially in view of its general excellence. The drawings were obviously 
well and carefully done and the reproduction, by the Hicks Chatten Com- 
pany of Portland, Oregon, unusually good. Nevertheless, the result is not 
quite up to that of Strumia’s loose leaves of Hematological Tables (pri- 
vately printed by the Bryn Mawr Hospital), the illustrations of which were 
done in Italy. Though less expensive, this latter work is much less exten- 
sive in scope. 

Not intended to replace a textbook of hematology, Osgood’s Atlas, with its 
12 pages of General Principles of Hematologic Diagnosis, full legends 
to the illustrations, 7 chapters on the various hematologic conditions, an 
appendix on Methods, and a copious bibliography, should succeed in its aim 
of showing the physician how to make a systematic study of the blood in dis- 
ease as a prerequisite of accurate diagnosis and proper therapy. The senior 
author, who has himself made excellent contributions to hematology, has 
given a sound picture, both in text and illustration, of hematology as un- 
derstood by most Americans today. The magnification (2500 Xx) is rather 
large for the eye accustomed to half that amount, but does permit repro- 
duction of minute cellular detail. The use of Wright’s stain, and numbering 
the cells in sequence both aid the physician and the prospective author in 
the positive identification of difficult cells. ‘ 
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DISORDERS OF THE Boop. Diagnosis, Pathology, Treatment and Tech- 
nique. By Lionet E. H. Wuirsy, G.V.O., M.C., M.A., M.D. (CANTas.), 
F.R.C.P. (Lonp.), D.P.H., Assistant Pathologist, the Bland-Sutton 
Institute of Pathology, The Middlesex Hospital, and Pathologist, The 
Children’s Hospital, Hampstead, and C. J. C. Brirron, M.D. (New 
Zealand), D.P.H., Assistant Pathologist, The Bland-Sutton Institute 
of Pathology, The Middlesex Hospital; Late Assistant Pathologist, 
Christchurch Hospital, New Zealand. Pp. 582; 60 illustrations, 12 
plates (8colored) and 15 tables. Second Edition. Philadelphia: P. 
Blakiston’s Son & Co., Inc., 1937, Price, $7.50, with washable cloth 
cover. 


Our objections to Whitby and Britton’s book are that it is seldom to be 
found when looked for on our library shelves and that it is wearing out 
(legitimately) from overuse. For such reasons, therefore, as well as on 
account of the notable advances in hematology in the two years that have 
elapsed since the appearance of the first edition in 1935, a new edition is 
welcome. The 35 extra pages of this edition are evenly distributed through 
the same chapter system as in the first edition—the greatest increase being 
5 pages in the chapter on Technique. The approval expressed in the review 
of the first edition (Am. J. Med. Sct., 191, 279, 1936) can be repeated even 
more emphatically for the present one. E. K. 


CHIRURGISCHE INDIKATIONEN. By Rupo.r Nissen, O. Prof. D. Chirurgie, 
Direktor der 1. Chirurgischen Klinik der Universitat Istanbul. Pp. 
177. Leyden: A. W. Sijthoff’s Uitgeversmaatschappij, N.V., 1937. 
Price, Paper, Hfl. 3.50; Bound, Hfl. 4.50. 

Tue results of surgery are in a large measure dependent on the general 
practitioner’s knowledge of the proper and timely indications for operation. 
The author discusses a number of especially important and common prob- 
lems in this field, including, on the one hand, emphasis on conditions de- 
manding urgent operative intervention, and, on the other, the delineation 
of surgical indications in diseases in the borderline zone between internal 
medicine and surgery. There are chapters on injuries of skull and brain, 
diseases of the thoracic organs, diseases of the abdominal organs and colon, 
diseases of kidneys and ureters, goiter, tumors of the breast, injuries of the 
extremities, pyogenic infections, and tuberculosis of bones and joints. 
The presentation is concise, clear-cut and well balanced. The book will 
be found useful and instructive to those physicians with a command of 
German. R. K. 


MATERNITY AND Post-OPERATIVE Exercises. (Twenty-one Exercises.) 
In Diagrams and Words, by Marcaret Morais, C.S8.M.M.G., in col- 
laboration with M. RANDELL, 8.R.N., 8.C.M., T.M.M.G. Introduction 
to Maternity Exercises by Pror. R. W. Jounstone, C.B.E., M.D., 
F.R.C.S.E., F.C.0.G. Introduction to Post-operative Exercises by 
Pror. JoHN Fraser, M.C., M.D., F.R.C.S.E. Pp. 152; illustrated. 
New York: Oxford University Press, 1936. Price, $2.00. 


Tue preface and introductions are very adequate and should be most 
helpful in aiding the masseuse or teacher for the exercises to follow. Care- 
ful instructions and good diagrams used to explain all the exercises. Her 
excellent choice of exercises, particularly the emphasis on breathing and 
correct posture, helps to make this the most practical book of its kind. 
M. R. 
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AND CaRLEss Manuat or Surcery. American (Fifteenth) Edition. 
Edited by Witu1am T. Coueuutn, B.S., M.D., F.A.C.S., Professor of 
Surgery and Director of the Department of Surgery, St. Louis Univ ersity 
School of Medicine; Surgeon-in-Chief, St. Mary’s Group of Hospitals, 
St. Louis. From the Fifteenth English Edition by Creciz P. G. WAKELEY, 
D.Sc. (Lonp.), F.R.C.S. (Ena.), F.R.S. (Epin.), Senior Surgeon, King’s 
College Hospital, etc. oe JoHN B. HuNTER, M C., M.Cuir. (CANTAB.), 
F.R.C.S. (Ena.), Surgeon, King’s College Hospital, etc., Pp. 1586; 900 
illustrations and 26 plates (18 in color). Baltimore: William Wood & 
Co., 1937. Price, $9.00. 


In this American edition, edited by Professor Coughlin, there have 
been omitted certain specialties from sections of the British edition which 
are not considered within the scope of the general surgeon in this country. 
The dedicatory page contains an illustration of the bust of Lord Lister now 
in the Royal College of Surgeons of England, together with the original 
authors’ dedication which appeared in the first edition in 1898. 

The volume has been extensively rearranged and in parts largely rewrit- 
ten, with some increase of the size of the book (43 pages). As the index was 
not specially prepared for the American edition, numerous entries in the 
index cannot be found in the text. 

The material dealing with surgical diagnosis and the maneuvers of 
surgical treatment is extensively presented. On the other hand the his- 
torical aspects of surgery are only occasionally referred to and the pre- 
operative and postoperative care is very frequently inadequately discussed. 
The section on anesthesia is often not in accord with the best traditions of 
American anesthetists. Nitrous oxide is not “undoubtedly our safest 
anesthetic” even when combined with oxygen. The section on spinal 
anesthesia extensively discusses the use of stovaine. One of the major 
defects of the volume is the failure to incorporate in the discussions of 
various diseases the disturbances in function from a physiological viewpoint. 
While the Reviewer feels that the volume will provide a ready reference for 
a single volume manual for surgical practitioners, he believes that it will 
not take the place of certain of the shorter volumes that have recently been 
presented for use in courses given undergraduate students. 


THE THYROID AND Its DisEases. By J. H. Means, M.D., Jackson Pro- 
fessor of Clinical Medicine, Harvard University, and Chief of the Medical 
Services, Massachusetts General Hospital. Being an Account based in 
Large Measure on the Experience Gained in the Thyroid Clinic of the 
Massachusetts General Hospital by 14 physicians and surgeons, and 
many other collaborators, Past and Present. Pp. 602; 73 illustrations. 
Philadelphia: J. B. Lippincott Company, 1937. Price, $6.00. 


Tuis is an exceedingly valuable and important book, representing, as it 
does, the clinical experience and investigative work of over 20 years in the 
Thyroid Clinic of the Massachusetts General Hospital. Beginning with a 
description of the anatomy, physiology and biochemistry of the normal 
gland, there are then covered the various diseases of the thyroid. Two 
chapters deal with thyroid administration and total thyroidectomy, respec- 
tively, in diseases of other than thyroid origin. While disclaiming an ency- 
clopedic scope for the volume, the author nevertheless fully covers the sub- 
ject from the practical standpoint with an adequate discussion of the litera- 
ture and a fair presentation of controversial points. The book is written 
in a clear, interesting, chatty style that makes it pleasant reading. This 
text is warmly recommended to all practitioners, internists and students. 


R. K. 7 
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PracTicaL TALKs ON KipNEY DisgEasE. By Epwarp Wess, M.D., Pro- 
fessor of Clinical Medicine, Temple University School of Medicine, Phila- 

delphia. Pp. 176; illustrated. Springfield, Ill.: Charles C Thomas, 1937. 

Price, $3.00. 

Tuis small volume deals with the practical aspects of the diagnosis and 
treatment of glomerulonephritis, nephrosis and nephrosclerosis. An attempt 
is made to review briefly the essential facts of renal physiology, tests of 

3 renal function and water balance. The material, set forth in easily readable 
j style, consists of the accepted views on these subjects. The scope of the 
4 book is by intent such that it lacks the value of a reference work, and since 
4 it contains little of practical value which cannot be found in standard text- 
books, is chiefly useful as a convenient compilation of standard information 


in this field. K. E. 


THE OF CorreEcTIVE Exercise. By GERTRUDE HAWLEY, 
M.A., Assistant Director, Women’s Gymnasium, Stanford University, 
Calif. Pp. 268; 107 illustrations. Philadelphia: Lea & Febiger, 1937. 
Price, $2.75. 

AN extremely thorough test with an excellent selection of exercises. The 
author’s explanation of the kinesiology of these movements is clear and 
well defined, and should be most helpful to any teacher of therapeutic 
gymnastics. This book not only deals with faulty body mechanics, but 
also teaches the proper use of the body, which few people understand and 
which is the fundamental reason for poor posture. It will be a valuable 
addition to any professional library. M. R. 


NEW BOOKS. 

The Management of the Pneumonias. For Physicians and Medical Students. 
By Jesse G. M. Butiowa, B.A., M.D., Clinical Professor of Medicine, 
New York University College of Medicine; Visiting Physician and 
Director of Littauer Pneumonia Research Fund, Harlem Hospital; 
Visiting Physician, Willard Parker Hospital. Pp. 508; 142 illustrations. 

1 New York: Oxford University Press, 1937. Price, $8.50. 


Functional Activities of Pancreas and Liver. A Study of Objective Methods 
for the Estimation of Function Levels in Health or Disease. By CHARLES 
W. McCuuvrzg, M.D., Gastroenterologist to Fifth Medical Service, Boston 
City Hospital; Assistant Professor of Gastroenterology, Boston Univer- 
sity School of Medicine. Special chapters by Tace CurIsTIANSEN, M.D., 
Resident Physician, Medical Department, County Hospital of Copen- 
hagen, Denmark, and the late ALLAN W. Rowe, Pu.D., formerly Director 
of Research, Evans Memorial, Boston, Mass. With a Foreword by 
SAMUEL Welss, M.D., F.A.C.P., New York. Pp. 318; 66 illustrations. 
New York: Medical Authors’ Publishing Company, 1937. (Price not 
given.) 

Maternal Deaths—The Ways to Prevention. By Ilaco Gaupston, M.D., 

; Secretary, Medical Information Bureau of the New York Academy of 

j Medicine. Pp. 115. New York: The Commonwealth Fund, 1937. 

Price, Paper bound, 50c; Cloth bound, 75c. 


Manual of Human Dissection. By Epwitn M. SHearer, Pu.D., Associate 
fi Professor of Anatomy, New York University College of Medicine. Pp. 
321; 79 illustrations (author’s original drawings). Philadelphia: P. 
Blakiston’s Son & Co., Inec., 1937. Price, $4.25. 


| 
| 
| 
| 


112 BOOK REVIEWS AND NOTICES 


Eyestrain and Convergence. By N. A. StuTTERHEIM, M.D. (Ranp), ARTS 
SraaTs-ExaMEN, part-time Ophthalmic Surgeon to the 
Johannesburg School Clinic, Transvaal Education Department; late 
Assistant to Eye Clinic, University, Leyden. Pp. 89; 2 illustrations. 
London: H. K. Lewis & Co., Ltd., 1937. Price, 7s. 6d. 

Abstracts. Proceedings of Meetings of the New York Pathological Society, 
held Nov. 26, 1935; Dec. 26, 1935; Jan. 23, 1936; Feb. 18, 1936; Mar. 26, 
1936; Apr. 23, 1936; May 28, 1936. Reprinted from the Archives of 
Pathology. Pp. 42. 

The Collapse Therapy of Pulmonary Tuberculosis. By JoHN ALEXANDER, 
B.S., M.A., M.D., F.A.C.S., Professor of Surgery, University of Michigan; 
Surgeon-in-Charge, Division of Thoracic Surgery, Department of Sur- 
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RECENT CONCEPTS IN THE PATHOGENESIS OF DIASTOLIC 
HYPERTENSION. 


It was the work of Allbutt 40 years ago which led to the classification 
of diastolic hypertension into 2 main groups: (1) Essential, or primary 
hypertension, also termed hyperpiesia; and (2) secondary hypertension, 
resulting from some known disease and most frequently occurring upon 
the basis of a renal lesion, adrenal tumor, or coarctation of the aorta. 
Much work has been done recently to throw light upon the patho- 
genesis of both of these types 

Heredity. Essential hypertension is peculiar to man. Although 
much work has been done on its hereditary aspects, there remains 
much confusion in the evaluation of this factor. Such a disease as 
this, not dependent upon a malformation or congenital defect at birth, 
in which the tissues show no structural change until, or even after, 
the disease has developed, is often extremely difficult to evaluate 
genetically. Before the development of the disease, these tissues look 
no different from those of other individuals, yet the predisposition for 
the development of the disease is there. The length of time from birth 
to the development of the clinical picture, usually over 40 years, has 
been an important factor in clouding the recognition of heredity in 
essential hypertension. The patient may die before this time of other 
causes. There are many other reasons why the human does not lend 
himself well to the study of genetics.” Human matings lack the control 
attending the study of experimental animals; the life span is too long 
for one observer to study many generations; family data are notoriously 
inadequate, and families are not large; environmental factors are often 
necessary as precipitating causes. The physician himself may be a 
factor. He not only often lacks interest in these aspects of disease 
but through inadequacies in diagnosis and the confusion of primary 
and secondary hypertension he may invalidate the results. Absence 
of hypertension because of examination before it develops leads to 
inadequate data. Recessiveness coupled with the lack of control of 
matings and the long life span of man produce an irregular occurrence 
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of disease that is difficult to trace familially. The very frequency of 
disease may be a disadvantage in a genetic study. As Allan? pointed 
out, hypertension may be present in up to 40% of the population 
above the age of 60. Such figures make it possible that any individual 
may have some member of the family with hypertension. 

Methods” most fruitful in the establishment of heredity as a basic 
factor in essential hypertension, as well as in other hereditary diseases, 
include the incidence of consanguineous marriage in parents. This is 
about 0.2% in the general population. Figures above this indicate 
hereditary factors and recessiveness of the factor. Studies of identical 
twins are obviously helpful. The frequency of disease in related and 
unrelated persons, the study of pedigrees, and statistical analyses are 
particularly enlightening. All of these methods have been applied to 
hypertension. An enumeration of all such data would require an 
appalling amount of time. Carefully controlled studies indicate that, 
in patients with essential hypertension, the familial incidence of vascu- 
lar disease far exceeds that of patients suffering from other complaints. 
Family after family is reported with definite hereditary trends.” 
Ayman made a direct study of the blood pressure in 1524 persons in 
277 families. A tendency toward elevated blood pressure early in life 
was found in hypertensive families, a finding which was largely absent 
in members of normal families. Palmer and Thorp have found the 
incidence of a family history of degenerative vascular disease definitely 
greater in cases of hypertension graded as moderate or severe. They 
interpreted this finding as representing constitutional susceptibility 
more regularly present in these cases. Weitz” tried to circumvent the 
difficulties of following many generations through the often inaccurate 
histories of the patient by studying the collateral family groups. These 
individuals were living and could be submitted to examination. Thus, 
“objective signs of disease were substituted for hearsay evidence in 
the history.”” Asymptomatic cases were available as well. Omitting 
the details of his analysis, his conclusions, that the predisposition to 
essential hypertension behaves in the majority of cases as a Mendelian 
dominant, might be quoted here. Ayman“ has described a personality 
type, both emotionally and physically hyperactive, not only in the 
patient with established hypertension, but also in certain of their 
children with mildly elevated blood-pressure readings. These findings 
he interprets to indicate the hereditary nature of the personality as 
well as of the blood pressure. : 

Studies of identical twins subjected to the opposing strains of widely 
divergent environmental factors confirm the above conclusions.” Vas- 
cular reactions may be so similar in identical twins that capillary 
microscopy may be used as a means of establishing the diagnosis of 
their relationship. 

There are, of course, those who deny heredity as a factor of impor- 
tance in essential hypertension. Janeway considered it as of minor 
importance. Advocates of this view assign an important rdle to 
environment, particularly in its relationship to psychic reactions. It 
is often pointed out that the hegro in his native land seldom develops 
hypertension. Donnison'? and many others have observed many 
negroes in Africa and agree on the extreme rarity of hypertension. 
However, in this country, the negro is commonly afflicted with hyper- 
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tension. Schulze and Schwab* found an incidence of hypertension in 
the American negro 23 times greater than that of the white American. 
An admixture of white blood is perhaps the rule in the American 
negro, a fact which introduces complicating genetic factors. Schulze 
and Schwab state that evidence of admixture with the white race in 
their patients was negligible and insufficient to reconcile the disparity 
in the incidence of essential hypertension in the African and American 
negroes. The frequency of hypertension in the negro would require 
the assumption that all were hybrids, and, since the incidence of 
hypertension is greater in the negro than in the white, “it would be 
necessary to infringe on the Mendelian law to explain the higher 
incidence of a character in the hybrid than in the parent carrying the 
character.” 

Racial differences in the incidence of essential hypertension are not 
confined to the negro. The Chinese, for example, are little afflicted 
by hypertension. Wang, in 10,310 admissions to Hsiang Ya Hospi- 
tal from 1932 to 1935, found only 58 instances of essential hypertension, 
34 in males and 24 in females. Others” have shown that the blood 
pressure of Chinese is lower, in general, than that of Occidentals. 
However, doubt as to the hereditary importance of these differences 
is shown by the fact that foreigners tend to develop a lower blood 
pressure after a stay in China, which disappears, with return to the 
previous level, when they return home. Environmental factors— 
mode of life, diet, climate—may be responsible but have not been 
evaluated. Superficially, environment appears to be the primary 
causative agent, but one must remember that all negroes do not develop 
hypertension and that the possibility exists that the environment may 
apply a precipitating cause or causes for hypertension in those who 
have inherited a predisposition but have had no precipitating factor 
in their home environment. 

Hines® has studied the hereditary aspects from an entirely new 
approach. He applied the reaction of the blood pressure to a standard 
stimulus (cold pressor test) in members of hypertensive and non- 
hypertensive families, including 10 pairs of twins. He found a positive 
family history of hypertensive cardiovascular disease 5 times as fre- 
quently among individuals who had hypertension or who were hyper- 
reactors than among’ those who reacted normally to the test. He has 
not found any hyperreactor who did not have one parent with hyper- 
tension, or who was a hyperreactor, indicating the probability that 
the trait is inherited as a dominant characteristic. 

The final evaluation of heredity in essential hypertension remains 
for the future. 

The Nature of Increased Peripheral Resistance in Diastolic Hyper- 
tension. It is well known that an elevation in diastolic blood pressure 
to 100 mm. of mercury or more can be brought about by at least 1 of 
4 mechanisms—increased blood viscosity, increased blood volume, in- 
creased cardiac output, or an increase in peripheral resistance. Obser- 
vations®:”° indicate that in chronic hypertension, viscosity, blood vol- 
ume and cardiac output do not differ significantly from normal, but 
that a distinct and marked increase in peripheral resistance, especially 
in the arterioles,”° is an invariable finding. 
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The control of peripheral resistance (arteriolar tone) in diastolic 
hypertension could be moderated through at least 3 mechanisms: 
nervous control, a local change, or hormonal or chemical substances. 
Studies in the nature of the peripheral resistance have been largely 
controversial until the recent work of Prinzmetal and Wilson** in this 
country and of Pickering™ in England. 

The Question of Nervous Control. Prinzmetal and Wilson attacked 
the problem by the use of an apparatus to measure blood flow through 
the extremity. They first investigated the widespread theory that 
increased peripheral resistance in the splanchnic area alone was respon- 
sible for elevated arterial tension. If this were so, the normal cardiac 
output should produce a greater blood flow through the periphery in 
the hypertensive individual than in the normal person. No change in 
blood flow from the normal was noted in malignant, benign, and 
secondary hypertension, implying that the increased vascular resis- 
tance in hypertension is no greater in the splanchnic area than in the 
arm. The peripheral resistance is, therefore, generally elevated. This 
is in keeping with the histologic changes in the arterioles of voluntary 
muscle.“ 

Using the same technique, together with the application of heat and 
reactive hyperemia, these same authors were able to show that the 
vessels of hypertensive individuals were capable of dilatation and that 
the increased peripheral resistance is due to a generalized vascular 
hypertonus and not to primary changes in the blood-vessels. 

Having established the presence of generalized vascular spasm, these 
observers were concerned with the possible mechanisms of its produc- 
tion, as stated above. ‘Three possibilities were obvious, nervous con- 
trol through the vasomotor nerves, a local fault, or a chemical or 
hormonal influence. Their approach was directly upon the nervous 
theory because of the known influences of the vasomotor nerves on 
the diameter of arterioles and the level of the blood pressure. They 
reasoned that if the peripheral resistance in hypertension were depen- 
dent upon vasomotor stimulation one could assume that any procedure 
which would release vasomotor tone in a part would produce a greater 
blood flow through that part in hypertensives than in normal indi- 
viduals. Using the same blood-flow technique, they produced vaso- 
motor release by both heat and novocaine injection of nerves. Increases 
in blood flow under these circumstances were essentially the same in 
patients with benign, malignant, or secondary hypertension and in 
normal individuals. The results, then, failed to support the hypothesis 
of exaggerated vasomotor tone as the cause of hypertension. 

Pickering,“* working in England independently from Prinzmetal 
and Wilson, but using similar methods, reached similar conclusions. 
However, in the determination of the influence of the vasomotor nerves 
he used a calorimetric method to determine blood flow. The use of 
the latter technique is all the more important in that it confirms the 
results of the plethysmographic method that hypertension is not ner- 
vous in origin. Their results in coarctation of the aorta differ. This 
will be discussed later. , 

In essential hypertension, the results of these investigations indicate 
“that normal vasomotor activity is superimposed on an intrinsic vas- 
cular hypertonus which is independent of the vasomotor nerves.” 
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Vasomotor responses may affect the level of the blood pressure to a 
marked degree but that does “ not prove that the hypertonus of arterial 
hypertension is vasomotor in origin.” Pickering states that, as the 
Hines-Brown test shows,® the vasomotor nerves remain active in 
hypertension. There is “little doubt that vasoconstriction of nervous 
origin does constitute a considerable fraction of the peripheral resis- 
tance in persistent hypertension,” as in normal individuals. But he © 
contends further, from the above results, that it does not constitute 
the abnormal factor responsible for raised arterial pressure. He and 
Kissen were unable to confirm the Hines-Brown test. They obtained 
variable results, especially in their elderly control series and in patients 
with essential hypertension. The average size of the response was 
approximately the same in elderly subjects with normal blood pressure 
as in those suffering from essential hypertension, 

As convincing as the above evidence appears in establishing the 
fundamental nature of essential hypertension, it is not as yet fully 
accepted. Page and Heuer* conclude that it “seems impossible on 
the basis of contemporary evidence to decide whether hypertonus of 
vessels in hypertension is of nervous origin.” ‘To be sure, the mass of 
evidence in the literature lends credence to the nervous theory. How- 
ever, as far as this Reviewer has been able to determine, it is entirely 
equivocal. Prinzmetal and Wilson, in their search of the literature, 
also failed to find conclusive evidence to support the hypothesis of 
exaggerated vasoconstrictor tone. The marked drop in blood pressure 
attending spinal anesthesia and anterior root or splanchnic nerve sec- 
tion is, of course, compatible with the neurogenic theory and does 
indicate the profound influence of the nervous system on the arterioles, 
but in no wise proves the réle of the nervous system as the fundamental 
cause of essential hypertension. The association of nervous and 
mental instability, and the relationship of the occurrence of essential 
hypertension to our complicated civilization are no more convincing. 
Although the evidence for non-nervous origin of essential hypertension 
is meager, it is clearcut, to the point, and convincing. 

Pickering’ studied the transient hypertension of acute nephritis. 
Circulation time was the same during and after the hypertension so 
that increased cardiac output as a cause of hypertension was not 
likely. By applying the blood-flow method he showed that some, and 
probably most, cases of this type of transient hypertension are due to 
vasoconstriction of vasomotor nervous origin. He reasoned that this 
vasoconstriction might arise in one of two ways—by a centrally acting 
pressor substance or by a reflex mechanism. According to these 
results the acute hypertension of nephritis differs in its pathogenesis 
from the chronic type of renal origin. Results in experimental oxalate 
nephritis* support such a mechanism. In the rabbit, hypertension so 
produced is abolished by renal denervation. 

The evaluation of the nervous factor in hypertensive states is exceed- 
ingly important in that it has a direct bearing upon treatment. The 
present highly developed state of neurosurgical technique as applied 
to peripheral vascular disease has naturally led to a consideration of 
similar methods in the treatment of hypertension. Although a con- 
sideration of such methods and results does not constitute a part of 
this review, the relationship of such methods to the pathogenesis of 
hypertension will be briefly summarized. 
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Vasomotor tone has a direct influence on the tonic state of the 
arterioles and, in turn, on the blood pressure. It is upon this nervous 
basis, particularly vasoconstriction in the splanchnic area, that splanch- 
nic section has been proposed. If one accepts the work of Prinzmetal 
and Wilson and that of Pickering, any surgical approach to the treat- 
ment of diastolic hypertension based on abnormal vasomotor tone as 
the cause of the vasoconstriction appears irrational. “Even in such 
a case vasomotor release following operation would, by release of nor- 
mal vasoconstrictor tone, produce some fall in blood pressure but 
would not affect the spasm responsible for the hypertension.’** Yet 
if splanchnic section caused no injury to the patient and if the accom- 
panying fall in blood pressure were accompanied by a sufficient blood 
supply to the essential organs, the release from cardiac and vascular 
strain, if it persisted, would no doubt prove beneficial. The work of 
Page*” indicates that considerable reduction in arterial tension, if not 
sudden, may take place without a change in the urea clearance. One 
would assume, therefore, that renal function is not affected. Another 
objection, as Page and Heuer*®” have pointed out, is that sympathec- 
tomy in a limited area would lead one to expect vasodilatation in that 
area and continued constriction in the remainder of the body with 
impaired blood flow. They have found, however, that vessels relax 
in areas other than those subjected to denervation, for example in the 
eyegrounds. Such changes, even though not directed at the primary 
factor producing the disease, would prove beneficial if the reduction 
were maintained. Despite this observation, Weiss®* feels that the 
decrease in vasomotor tone in one region of the body may produce a 
suboptimal blood flow in other organs, where a more constricted state 
of the arterioles exists along with a diminished blood pressure. The 
eventual outcome of such a change would be deleterious and late in 
its appearance. 

Experimentally in dogs removal of the complete sympathetic chain” 
has been followed by restoration of blood pressure to normal in 94 to 
225 days, at which time cardiac output, blood viscosity, and blood 
volume are unchanged, indicating a compensation by some other 
vasoconstrictor mechanism. The same phenomenon occurs in the 
human being with splanchnic section. Page and Heuer**® performed 
this operation with removal of the lower thoracic sympathetic ganglia 
in 6 patients with essential and 3 with malignant hypertension., Blood 
pressure was diminished in each instance for some months only to rise 
again to the pre-operative level, and for periods ranging from 6 months 
to 1 year either had continued at this level or became more elevated. 
Results, therefore, were disappointing. The same authors** have used 
anterior root section with better results. This procedure depresses 
the blood pressure by the same mechanism, that is, splanchnic dilata- 
tion. In 17 patients with either the benign or malignant types of 
hypertension, 6 months after operation it was found that the benign 
group had reacted well, the malignant group had not. Brown, who 
with Adson proposed this operation, believes it useless in malignant 
hypertension, but also observed good results, up to 5 years postopera- 
tive, in the benign variety.* Such results indicate that nerve section 
will at least remove the vasomotor effect in the benign group, if not far 
advanced, sufficiently to effect a significant drop in blood pressure for 
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many months. Its ultimate value in the treatment of hypertension, 
the authors agree, has not yet been established. 

Splanchnic section has also been done to reduce adrenal secretion, 
to diminish peripheral blood volume and to abolish abnormal vaso- 
constrictor effects of renal origin. At least 15% of over 100 patients 
in one series have gone over 6 months with normal blood pressure.™ 
Data to be given later indicate that epinephrine is not excreted in 
excess in hypertension except in a few cases of paroxysmal type asso- 
ciated with chromaffin tumors, and the operation in essential hyper- 
tension appears to have no foundation upon this basis. 

Renal denervation has also been done in patients both with essential 
hypertension and with chronic nephritis.““* The procedure had no 
immediate effect upon renal efficiency as measured by the urea clear- 
ance test. The fall in blood pressure lasted for weeks to months but 
was not permanent. 

The advice of Weiss® in considering the use of such procedures is 
sound. He states “Physicians should accept therapeutic claims and 
particularly new surgical procedures only after proper evaluation of 
the problem, and when there is strong supporting evidence. In case 
of arterial hypertension the presentation of such therapeutic proof is 
at best difficult. For the present, therefore, it seems advisable to 
leave the surgical treatment of arterial hypertension in the hands of 
those surgeons who believe that they can answer the problems raised 
in this discussion and who can eventually present adequate proof that 
there is lasting benefit to their patients.”’ 

There have been a number of attempts, particularly in Europe, to 
show a relationship between the carotid sinus mechanism and _ per- 
sistent hypertension. The carotid sinus consists of a small bulging at 
the junction of the common and internal carotid arteries. Nervous 
impulses from its walls are conducted away through the carotid sinus 
nerve and eventuate in cardiac slowing and vasodilatation. Elevated 
pressure in the carotid sinus produces a fall in cardiac rate and general 
arterial tension. Decreased pressure produces the reverse. That this 
depressor effect is active is evidenced by the observations of Bronk and 
Stella’ that a rhythmic discharge of nervous impulses took place over 
the carotid sinus nerve with adequate pressure in the sinus (40 mm. of 
mercury in the rabbit). The rate of discharge was also proportional 
to the pressure. If the carotid sinus nerve were cut one would expect 
a rise in blood pressure; and that is exactly what Bucy’ found. In 
section of the glossopharyngeal nerve for neuralgia, the carotid sinus 
fibers are sectioned. Bucy noted a marked rise in blood pressure post- 
operatively with a return to normal in 2 weeks. The rise was not due 
to increased intracranial pressure for the spinal fluid pressure was 
normal. Section of both nerves and the aortic depressor nerves in 
animals has produced similar results but the blood pressure has not 
returned entirely to normal, so that persistent hypertension resulted. 
Such a rise is evident only when the animal is awake and more or less 
excited, and disappears when it is asleep or quiet. 

Such observations as the above have led a number of investigators 
to consider the carotid sinus mechanism in human hypertension.*® 
Continental observers (Mies) have demonstrated marked changes in 
blood pressure and cardiac rate by pressure on the carotid sinus, but 
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no rise in blood pressure by obliteration of the arteries below the sinus, 
indicating a possibility that the elevated blood pressure may have 
resulted from a disturbance in the carotid sinus mechanism character- 
ized by slight or no response to the stimulus of arterial pressure within 
the sinus. These observations prompted Pickering, Kissen and Roths- 
child® to investigate the carotid sinus mechanism in hypertension. 
Starting with the previous observations that in normals the fall in pulse 
and respiratory rates with carotid sinus compression depends on the 
initial value of these rates, these authors found that a fall in blood 
pressure in either normal or elevated arterial tension, after histamine, 
was approximately proportional to the initial blood pressure. The 
percentage fall in blood pressure corresponded fairly closely to the fall 
in heart rate. A second factor was the degree of sclerosis of the carotid 
arteries. The work of others was confirmed in that the percentage fall 
of blood pressure and pulse rate reflected fairly accurately the extent 
of sclerosis in the larger arteries and the differences in response in the 
groups studied were attributed to differences in the initial levels and 
presence or absence of sclerosis. These results differed completely 
from those of continental observers. Pickering is convinced that hyper- 
tension in the human and experimental hypertension of carotid sinus 
denervation are different, although he does not deny that there may 
be examples in man similar to the experimental form. Absence of 
tachycardia, however, cannot be used as an argument against the 
occurrence of this type of hypertension in man for in 2 of Bucy’s cases 
no significant changes in pulse rate were observed following nerve 
section. Weiss®® describes, in his types of response to carotid sinus 
pressure, a primary reflex vasodilatation entirely unrelated to cardiac 
slowing or any form of cardiac arrhythmia. 

The blood-flow method of investigation of the nature of the periph- 
eral resistance in diastolic hypertension has been applied™*** to coarc- 
tation of the aorta as well. Results are conflicting. Prinzmetal and 
Wilson found, in coarctation of the aorta with hypertension in the 
upper and hypotension in the lower extremities, that vasomotor release 
produced a greater increase in flow in the arm than in the arm of nor- 
mal controls or patients with generalized hypertension, indicating 
that the increased vascular hypertonus of the upper extremities in 
this disease is vasomotor in origin, unlike that of benign, malignant, 
and secondary hypertension. Such constriction they “regarded as a 
compensatory mechanism which maintains the normal distribution of 
blood throughout the body.” Pickering’s results were similar to those 
in other types of hypertension, and since a circulating chemical or 
pressor factor alone cannot account for hypertension in one portion 
of the body and normal blood pressure in another, he considered the 
defect in coarctation a local fault. The divergent results in this study 
demand further work for final conclusions. Histologic study* of the 
arterioles of muscle and skin from the arm and leg of such individuals 
has not been helpful. 

The Question of Chemical or Hormonal Control. The possibility of 
a circulating chemical or hormone as the cause of the abnormal arteri- 
olar constriction of diastolic hypertension is not new. Volhard had 
long championed such a theory. However, since the work demon- 
strating the non-nervous origin of this disease, interest in this mechan- 
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ism has become more widespread. Volhard applied this theory first 
to “pale” hypertension and not “red” (essential) hypertension. Bohn® 
confirmed the presence of a pressor substance in the blood of the “ pale”’ 
hypertensive, with negative results in the “red” variety, as well as in 
normal individuals. Aitken and Wilson' were unable to confirm the 
results of Bohn and ended in a criticism of his methods and results. 
Capps and his associates” agree with Aitken and Wilson. 

Most of these experiments on circulating pressor substances have 
been carried out either by the introduction of extracts of the blood of 
affected individuals into animals and into animal preparations for 
physiologic tests for known pressor bodies, such as adrenalin and 
pituitrin, or by the transfusion to normal individuals or animals of 
the blood of hypertensive subjects. The results are confusing and 
often contradictory. 

The work of Bohn, and of Aitken and Wilson, has just been men- 
tioned. Danzer, Brody and Miles" injected the unchanged blood of 
patients with hypertension into cats with a resultant pressor effect. 
Curtis, Moncrieff and Wright” could not confirm this result. They 
used decerebrated cats with low blood pressure and arteriolar tone so 
that the vessels were more likely to be affected. Ten to 20 cc. of 
blood produced no effects greater than one would expect from an equal 
volume of any fluid. 

Others!* 4 have been equally unsuccessful in the demonstration of 
pressor substances. de'Wesselow and Griffiths, using an alcoholic 
extract of whole blood and of plasma from patients with essential 
hypertension, malignant hypertension, chronic glomerular nephritis 
and pre-eclamptic toxemia, subjected to ultrafiltration, found the only 
suggestion of a pressor substance in blood from patients with essential 
hypertension, where Bohn found none. Even in this group some 
extracts gave curves like the normals and the authors did not feel 
justified in concluding that pressor bodies were present in the blood. 
Page found that extracts of human plasma and other body fluids 
contained substances with a pressor action when injected into test 
animals. Its extraction with alcohol, solubility in water and acetone, 
and extraction from water by chloroform suggested an organic base. 
Failure to appear in the ultrafiltrate suggested a combination with the 
plasma colloids. However, no evidence was produced that the amounts 
of this pressor substance were increased in the blood or body fluids of 
patients with essential or secondary hypertension. Pickering*” quotes 
a number of German references indicating the presence of pressor bodies 
in the blood, and, in one instance, the demonstration of a diminished 
value for a depressor substance in essential hypertension. 

The possibility exists, when extracts of blood are used, that a pressor 
substance may either be destroyed or lost in its preparation or that 
such a substance may be formed by the process. This possibility is 
a real one, as shown by de Wesselow and Griffiths,!* who demonstrated 
that adrenalin was readily ultrafiltered from saline, but if added to 
plasma and ultrafiltered, the ultrafiltrate was devoid of pressor activity. 
Pituitrin added to blood was recoverable in the alcoholic extracts, but 
in acid plasma of pH 4.5 the extract was destitute of pressor effect. 
This danger is circumvented by the transfusion of unchanged blood 
from hypertensive patients into non-hypertensive persons and noting 
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the effects on the blood pressure. Results by this method have been 
uniformly negative. Hgst tried the procedure in 1931.7 Pickering*” 
injected 350 to 600 cc. of blood from hypertensives into non-hyper- 
tensive individuals on 7 occasions. His results suggested that the 
blood of patients with essential hypertension is similar to normal blood 
in its content of pressor and depressor substances, and oppose the 
idea of an excess of pressor substance, or deficit of depressor substance. 
However, they do not exclude the possibility that hypertension may 
be due to intervention of a chemical which is not circulating but is 
fixed in the tissues. Objection might be raised that the recipients 
were too ill to respond or that the pressor substance was rapidly de- 
stroyed before entering the recipient. The patients were not gravely 
ill and transfusion in less than 1 minute speaks against the latter of 
these arguments. A third objection that dilution of the donor’s blood 
by the recipient might reduce the concentration below the threshold 
level for a pressor effect is justifiable and is answered most satisfactorily 
by the procedure of Prinzmetal, Friedman and Rosenthal*® in which 
hypertensive patients were cross-transfused with individuals with nor- 
mal cardiovascular trees. Blood volumes were not appreciably changed 
in either patient, and blood to the amounts of 500 to 2000 cc. was 
transfused. Congo red was injected into 1 subject before transfusion 
and 42% of the dye found in the blood of the recipient. No changes 
in blood pressure were noted in these patients, indicating that, even 
with a transference of large volumes of blood, minimizing the dilution 
factor, evidence of pressor or depressor principles was lacking. 

Aside from the injection of blood extracts into animals and the 
transfusion of hypertensive blood into both animals and humans with 
normal blood pressure, various investigators have attempted to relate 
pressor substances to hypertension by physiologic tests for known and 
unknown pressor substances. For example, the denervated rabbit’s 
ear™*° is known to be sensitive to pressor substances in high dilution 
such as epinephrine in dilutions of 1 to 100,000,000 and pitressin, 1 to 
150,000. Perfusion of such preparations with whole, undiluted blood 
plasma has not given evidence favoring a direct, peripherally acting, 
circulating pressor substance.” Leiter* also concludes, from his work 
as well as that of others, that there is no evidence for the theory that 
“malignant” or “pale’’ hypertension is caused by the presence of 
pressor substances in the patient’s blood. Pickering and Kissen® 
were unable to obtain evidence that patients with chronic nephritic 
hypertension are abnormally sensitive to adrenalin or evidence for the 
view that essential and nephritic hypertension are due to hyperadrenal- 
inemia. Levitt“ states from his observations that if the blood of 
patients with eclampsia and related disturbances does contain an 
increased amount of the hormone from the posterior lobe of the hypoph- 
ysis, our present methods are unable to detect it. The occurrence of 
hypertension at the menopause and its reduction with theelin therapy® 
suggest studies of hormone excretion in hypertensive patients. Such 
titrations have been reported positive in Europe but could not be 
confirmed by Scarf and Israel® in this country. 

The clinical application of the naturally occurring depressor sub- 
stances in the body, such as acetylcholine, histamine, adenosine and 
related compounds has not been widespread because of toxic symp- 
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toms. They have been more popular in Europe, particularly the 
preparation, kallikrein, a pancreatic derivative, which has been given 
favorable reports. However, Nuzum, Elliot and Bischoff“ in this 
country were unable to demonstrate a consistent effect and concluded 
that the preparation could not be regarded as a substitute therapeutic 
measure. 

Much has also been said of the genesis of arterial changes in essential 
hypertension upon the basis of hypercholesteremia. Page, Kirk and 
Van Slyke,®® however, in an analysis of the lipid content of the blood 
of such patients were unable to note any differences from normal in 
the cholesterol and cholesterol :phosphatide ratio in the absence of 
complicating disease. 

The hypophysis has long been considered a possible factor in the 
development of both essential and secondary hypertension. A con- 
siderable mass of data is now available upon the subject. ‘The demon- 
stration that pituitary extract will raise blood pressure, and the sepa- 
ration of the oxytocie and vasopressor principles,*® have led to much 
theorizing as to the part played by the pituitary gland in normal blood 
pressure as well as in hypertension. Houssay** has summarized the 
important observations in this controversy. In chromophobe adenoma 
of the pituitary and in Simmonds’ disease, the blood pressure is often 
low. In acromegaly it is variable. In the syndrome described by 
Cushing as basophilic adenoma,’ characterized clinically by obesity, 
hypertrichosis, decreased sexual activity, hypertension and osteopo- 
rosis, the blood pressure is invariably elevated. Cushing feels that the 
hypertension may result from a specific secretion of the adenoma, from 
a stimulation of the pressor secretion of the posterior lobe by the 
adenoma, or from an action through some other gland. Although he 
favors the second explanation, others believe that the hypertension is 
due to adrenal hyperactivity, possibly brought about by the pituitary 
adrenotropic hormone. 

Cushing’s description of the above syndrome has stimulated a search 
for increases in basophilic cells in essential and other types of hyper- 
tension. Cushing’ has noted a basophilic infiltration into the poste- 
rior lobe in eclampsia. Butt and Van Wart,'' however, were unable 
to correlate the basophilic infiltration with hypertension or eclampsia. 
Spark® agrees with the latter authors. He has found basophilic inva- 
sion of the posterior pituitary frequently in the absence of hypertension. 
Close™ investigated the occurrences of pituitary adenomas in 280 glands 
at autopsy; 39 were found to contain an adenoma. None was baso- 
philic. In serially sectioned glands, 10% had adenoma, 44% in cases 
of carcinoma of other glands. However, Costello found adenomas 
in 20% of pituitaries studied at random, one-fifth of which were baso- 
philic. Parsons,” in a gross anatomic and histologic study of 107 un- 
selected pituitaries, was unable to correlate statistically the extent of 
invasion of the posterior lobe and systolic or diastolic pressure. Ras- 
mussen® also could not relate basophilic infiltration to blood pressure. 
Leary and Zimmermann® serially sectioned 153 pituitaries from both 
sexes, all age groups, and from hypertensives and non-hypertensives. 
Slight to advanced basophilic infiltration occurred in 64.7% of all, 
including hypertensives and non-hypertensives. Significant infiltration 
occurred in 52 of 67 hypertensives and 22 of 86 non-hypertensives, 
showing this change to be much more common in the hypertensives. 
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The benefits of irradiation therapy in Cushing’s syndrome favor 
the theory that the pituitary is the prime factor. However, the 
syndrome has been found with adrenal disease in the absence of pitu- 
itary changes and in at least | instance® with a thymic tumor associated 
with adrenal hypertrophy. In paroxysmal hypertension associated 
with chromaffin tumors of the adrenals’ elevated epinephrine content 
of the tumor has been reported. Sti!! one must remember that the 
adrenals have shown no anatomic changes in a number of patients 
reported with pituitary basophilism.“ In 1 instance”® pituitary aden- 
oma occurred in association with carcinoma of the adrenal cortex. 

The possible relationship of anterior lobe function to adrenal function 
and the occurrence in some cases of changes in both glands has not 
passed unnoticed. Houssay** has shown that the presence of the 
anterior pituitary is necessary for the development and maintenance 
of the normal anatomic and functional state of the adrenal cortex. 
Proper pituitary extracts have not only produced hypertrophy of the 
cortex, but small adenomas as well.*® In Cushing’s syndrome, the 
adrenals are hypertrophied or adenomatous, but not always so, and it 
has not been conclusively demonstrated that such changes are due to 
the adrenotropic hormone. Nor has an excess of adrenal or pituitary 
hormone been demonstrated in the blood.** Conclusive evidence of 
the etiologic importance of the pituitary gland in any type of hyper- 
tension is still lacking. 

Experimental Hypertension of Renal Ischemia. Although experi- 
mental hypertension in relationship to the kidneys has been produced 
in many ways, such as partial nephrectomy, occlusion of the ureters, 
transplantation of the kidneys with subsequent irradiation, and the 
injection of aspartic acid,”! its production in dogs and monkeys by the 
induction of renal ischemia by Goldblatt and his co-workers*®*?"8 by 
constricting the renal arteries with silver clamps has become most 
popular because of the degree of hypertension produced as well as its 
simplicity and efficacy. The hypertension is persistent and has lasted, 
in some dogs, over 5 years. Constriction of varying degrees pro- 
duces hypertension of varying severity. The similarity of this type of 
hypertension to that associated with renal disease in man had led to 
considerable work in the determination of its pathogenesis, particularly 
since the mechanism by which the diseased kidneys produce chronic 
hypertension is unknown. Indeed, there are those who deny the renal 
origin of hypertension at all. 

Removal of the renal clamps following the production of hypertension 
by the Goldblatt method will cause a reduction in blood pressure to 
the original level as well as a return of kidney function. A unilateral 
clamp produces an elevated blood pressure which later tends to return 
to normal. However, removal of this kidney results in a fall in blood 
pressure to the normal range. Ischemia of the kidney is, therefore, 
important. The necessity for the presence of ischemic kidney tissue 
is attested by the fact that removal of one or both kidneys does not 
result in hypertension, and when both renal arteries are completely 
occluded the hypertension is not as great as with partial constriction™ 
unless the occlusion is done in stages. 

It is logical to expect an explanation for renal ischemic hypertension 
in the mechanisms already given for the hypertension of man, nervous 
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influences, hormonal or chemical substances or both. Page*” has 
already shown that denervation of the kidney does not influence the 
development of hypertension by this method. Even complete sym- 
pathectomy, in 7 dogs,” did not prevent the development of hyperten- 
sion nor was the level of hypertension materially affected during the 
course of total sympathectomy. Splanchnic section, and anterior root 
section, both used in the treatment of human hypertension, do not 
interfere with its development nor does it permanently reduce the 
hypertension previously produced by renal ischemia.” Increased 
plasma volume and reflex changes in cardiac activity have been ruled 
out. The results, therefore, indicate quite conclusively that the 
mechanism of the hypertension of renal ischemia is not nervous. 

The humoral theory immediately suggests itself as an alternative 
explanation. Goldblatt states “If the mechanism whereby constric- 
tion of the main renal arteries produces its effect on blood pressure be 
humoral and of renal origin, then in the case of the hypertension which 
also follows occlusion of both main renal arteries, it must be assumed 
that the natural accessory circulation through the capsule which may 
become more prominent in these circumstances, is sufficient to wash 
some hypothetical ‘effective substance’ into the systemic circulation 
through the main renal veins... . . The effective substance, for example, 
might act synergistically with a known pressor hormone from an endo- 
crine organ, such as the hypophysis or adrenal. It is also possible for 
the hypothetical effective substance from the kidney to act by sensitiz- 
ing the contractile elements of the arterioles to the action of the pressor 
hormone, or the reverse may be the case.” It is also possible for such 
an effective substance to neutralize a hypothetical depressor substance 
in the circulating blood. Pressor effects of the extract of ischemic 
kidneys of dogs and hypertensive kidneys of man have been reported.**" 
Extracts of normal kidneys and other organs have also given a pressor 
effect but not to the extent of these abnormal tissues. Page *¢ found 
no substance in the circulating blood of animals with renal ischemic 
hypertension which acts directly on the peripheral blood-vessels to 
cause vasoconstriction. 

The relationship of the pituitary and adrenal glands to this type 
of hypertension has also attracted many workers. Page and Sweet*® 
found that hypophysectomy reduced the blood pressure in Goldblatt 
dogs, but that preliminary hypophysectomy did not prevent the rise 
in blood pressure, which tended to be transient, however. Furthermore, 
hypertension of this type can develop in the absence of the adrenal 
medulla.?® With bilateral adrenalectomy blood pressure did not rise, 
but the period of survival was short. Even with supportive treatment, 
this operation interfered with the development and maintenance of the 
hypertension, but with added substitution therapy (intravenous cortical 
extract) a significant but not great rise in blood pressure occurred.” 
The mechanism of this interrelation in the production of hypertension 
is not yet known. All that can be said, as yet, is that the evidence 
indicates that the hypertension of renal ischemia is of renal humoral 
origin. 

The most important question to the clinician in regard to the hyper- 
tension of renal ischemia is the extent to which these results can be 
earried over from animals to the patient. Little can be said on this 
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point at the present time except by inference. The reduced blood 
flow of experimental ischemic hypertension may possibly be compared 
to that of arteriolar disease of the kidneys in man.” The return to 
normal of the blood pressure when the silver clamp is released has been 
compared to the possible results of operations on the nervous system 
in relaxing arterioles and correcting the possible ischemic state. Such 
a supposition is, as yet, not at all established, and the work on renal 
denervation already cited* speaks against it as does the failure of the 
urea clearance to change appreciably with splanchnic section. The 
unimportance of the nervous system in this type of nephritis is in keep- 
ing, however, with the work of Prinzmetal and Wilson and of Pickering, 
showing the non-nervous nature of the fundamental defect in human 
hypertension. 
Wituram A. Sopeman, M.D. 
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TUBERCULOSIS IN CHILDHOOD. 


THE subject of tuberculosis in childhood is such an extensive one 
that a proper consideration of even the most recent contributions in 
the literature would be very lengthy. Consequently, in this review 
an attempt will be made only to present a few of the more salient facts 
that must be stressed in order to understand something of the present- 
day status of this disease in infancy and childhood. 

That there exists a difference between tuberculosis in childhood and 
tuberculosis in adult life is generally conceded, although Medearis™ 
says that evidence is steadily accumulating that the adult type of the 
disease can and does develop endogenously from the childhood type. 
The frequency of tuberculosis infection in children as shown by the 
percentage of positive reactions to tuberculin tests in various surveys 
in this country has averaged roughly 10 to 15% of all children up to 
15 years. The question of tuberculin tests and the value of positive 
and negative reactions has caused much argument on both sides. 
According to Medearis there are three general groups of tuberculin 
tests: 1, A cutaneous scratch or abrasion with a rather blunt scarifying 
instrument and inoculation of the wound with Koch’s old tuberculin, 
which is known as the Pirquet test; 2, an intradermal test whereby 
0.1 ce. of dilution of Koch’s old tuberculin is injected intracutaneously, 
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which is known as the Mantoux test; and 3, some modification of an 
inunction method. A positive reaction is indicated in the first two 
methods by a surrounding area of erythema appearing in about 48 
hours and persisting at least 5 or 6 days. In the third method, 
a positive reaction is indicated by a number of papular efflorescences 
appearing in from 3 to 5 days and remaining visible for about 2 weeks. 
Of these tests the Mantoux is by far the most sensitive. Medearis 
urges a wider use of the tuberculin test. Every child giving a history 
of home contact with tuberculosis should be tested. Any child with 
an unexplained temperature or with subnormal weight gain deserves a 
tuberculin test. The Mantoux should be a routine procedure in every 
hospital admission to the pediatric service. Every positive reactor 
should have a roentgenogram of the chest and the interpretation of the 
plate should be made by a physician trained in the Roentgen ray 
diagnosis of tuberculosis. In every case in which primary tuberculosis 
complex has been diagnosed, an adequate medical follow-up should be 
given with proper hygiene and dietary supervision and examination at 
intervals frequent enough to assure detection of any developing‘ adult 
type disseminated lesions so that early and effective therapy can be 
established. 

Stewart and Dyson’ state that the Mantoux tests with old tuberculin 
and purified protein derivatives in doses of unequal potency agree in 
showing that, as a rule, children are more sensitive to tuberculoprotein 
than adults and that this difference between the two age groups is due 
to the occurrence among adults of a disproportionately large percentage 
of patients with relatively small areas of reaction to tuberculin. They 
offer also the suggestion that the difference in allergy noted between the 
two age groups is a product of a general tendency for sensitiveness to 
diminish slowly as the postinfection time elapses. The sensitiveness 
to tuberculoprotein induced in the tissues by tuberculous infection is 
an extremely variable and moderately unstable immunologic change. 

Law and Cory" found the behavior of purified protein derivative in 
its two standard test doses potent and reliable in comparison with three 
dilutions of potent old tuberculin in about 3000 tests. The first strength 
of purified protein derivative was 0.00002 mg. and there were more 
reactors than with old tuberculin in a dilution of 1 to 1000. The second 
strength of purified protein derivative found twice the number of 
reactors shown by old tuberculin used in a dilution of 1 to 100. Purified 
protein derivative is well adapted to accurate quantitative tests and 
seldom causes necrotic skin reactions. It is also very well suited for 
general use and for epidemiologic studies related to the control of 
tuberculosis. 

Kayne® recommends 1 to 10,000 dilution for the initial injection 
of the Mantoux test with the result read on the third day. If the reac- 
tion is negative or doubtful the test is concluded with a 1 to 100 dilution. 
He agrees that there should be at least a 10 mm. wheal of erythema and 
swelling after 48 or 72 hours for the test to be called positive. In a 
child less than 2 years a positive reaction to the Mantoux test shoul 
be regarded as indicating the presence of an active tuberculous focus, 
unless the opposite is proved by further investigation. The reaction 
to the Mantoux test cannot be regarded as negative unless a dilution of 
1 to 100 has been used. 
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A form of tuberculin testing that ‘may have little general use is the 
plaster test. As used by Anzén,! after the skin, usually that over the 
manubrium sterni, is cleansed with ether, a plaster is applied as a 
control and about 1 cm. below this the tuberculin plaster is applied. 
For infants and nervous children it seems expedient to apply an ordi- 
nary adhesive plaster over the other two to prevent them from being 
pulled off. The reaction is read after 48 hours. In the positive reac- 
tion, the skin beneath the tuberculin plaster is found to present, spar- 
ingly or more closely according to the degree of the reaction, highly 
red papules the size of a pinhead. In the negative reaction, the skin 
remains unaltered. Occasionally a reaction may also be obtained 
under the plaster used as a control. The exceedingly few cases in 
which this occurs have been in tuberculous patients with exudative 
diathesis. The plaster used in this test contains 1 drop of tuberculin 
per square centimeter. 

Another method that may be helpful in the diagnosis of tuberculosis 
in children is the study of gastric washings for the tubercle bacilli. 
Rothstein” says that the finding of tubercle bacilli in the gastric con- 
tents, as determined by the production of tuberculosis in a guinea pig 
inoculated with the sediment obtained from the gastric washings, is 
indicative of the presence of an active tuberculous lesion. This focus 
is usually either in the lung or in a hilar or tracheobronchial lymph node 
which has ulcerated into the bronchus. Tubercle bacilli were demon- 
strated in 7 patients (8.14%) of a series of 86 infants and children with 
positive cutaneous reactions to tuberculin in whom no recognizable 
evidence of tuberculosis could be demonstrated on physical or roent- 
genographic examination. Examination of the gastric washings for 
tubercle bacilli by the inoculation of a guinea pig with the sediment 
should be done for all infants and children with positive cutaneous 
reactions to tuberculin even if no evidence of tuberculosis has been 
found on physical or roentgenographic examination. 

Armand-DeLille? says that although many points still remain obscure, 
it is possible to say that two principal conditions account for the 
differences in location and form in adults and in children. The adult 
patient has allergy and this tends to produce localization. The child, 
and especially the infant, has primary infection, which becomes gener- 
alized, and he dies from disseminated tuberculosis or from meningitis. 
According to his statistics, 60% of the infants and children in contact 
with tuberculous parents present characteristic tuberculous evolution 
before the death of the tuberculous parent, and two-thirds of them 
(40%) die from acute forms such as miliary or tuberculous meningitis 
and only one-third of these (60%) present chronic localizations. Forty 
per cent appear to be clinically sound, but they have a positive Pirquet, 
and many present small shadows in the lungs or in the hilus from an 
inactive primary affection which may wake up later at the time of 
puberty and adolescence, and be the beginning of a chronic pulmonary 
tuberculosis. In adults, the lung seems to be the organ that offers 
least resistance to tuberculosis, perhaps because its capillary system 
constitutes a kind of screen for all the tubercle bacilli carried by the 
blood stream. Also in the adult it seems that, with the exception of 
the kidneys and the genital organs, most of the tissues of the body have 
acquired a special resistance against the infection. In the case of 
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children, however, where the organs are still growing, those that are 
developing the most rapidly appear to be the least resistant to the 
bacillus. As the child gets older he, like the adult, more often presents 
reinfection which is usually endogenous. 

The term primary infection has been used. Hancock® defines primary 
tuberculosis as those pathologic changes which occur at the points of 
localization of the first infecting dose of tubercle bacilli and the systemic 
results of these changes. It does not include any of the superinfection 
types, even though these may be caused by the identical organisms 
which caused the primary lesion, either at the same location or at 
distant points to which they may have escaped. Superinfection may 
be either endogenous or exogenous, but in either event it must be 
sharply differentiated from primary infection, the difference being not 
in the infecting organism but in the host. 

According to Myers, Harrington, Stewart and Wulff the early 
Roentgen appearance of the parenchymal lesions of the first infection 
type of tuberculosis may be indistinguishable from that of the reinfec- 
tion type or of pneumonia. A period of observation is necessary in 
most cases. In the absence of significant symptoms when a paren- 
chymal shadow persists for one month or longer in a child who is 
sensitive to tuberculin, it is due usually to the tubercle bacillus. After 
a longer period of observation, if the shadow gradually disappears to 
be replaced by calcium shadows in the parenchyma or in the region of 
the hilus, it may be regarded as representing the first infection type of 
tuberculosis. The shadow characteristic of the pneumonic stage usu- 
ally persists for several months or for a year or more. They may 
then disappear to be succeeded after months or years by the appearance 
of calcium shadows or fibrous strands. It is a diagnostic point that 
throughout the course of the disease significant symptoms are usually 
absent. This benign course is so characteristic of first infection tuber- 
culosis that even though it appears in young children and reaches 
considerable proportions, it is not of itself a serious condition unless 
secondary complications arise as the result of endogenous superinfection 
or reinfection. This also holds true of this type disease as it occurs 
in young adults. The immediate prognosis of the first infection type 
of tuberculosis is excellent, and there is no indication for treatment 
except in the rare cases in which the condition is febrile. 

The evolution of the first infection type of tuberculosis is described 
by Myers." He suggests that neutrophils ingest tubercle bacilli in 
the blood stream and, together with the ingested bacilli, focalize in the 
small alveolar capillaries. About these focal accumulations large 
numbers of exudative mononuclears accumulate, which in turn become 
phagocytic, ingesting both bacilli and neutrophils. This becomes the 
epithelioid cell of the tubercle. This focalization and walling off before 
sensitization appears may be an important factor in making primary 
tuberculosis benign. Following the introduction of tubercle bacilli 
into the organism the tissues become sensitive to tuberculoprotein. 
This sensitivity is manifested by a positive tuberculin reaction in from 
3 to 7 weeks after infection. Following sensitization, if reinfection 
from endogenous or exogenous sources occurs, tuberculosis of the 


usually benign first type may be stimulated to activity and disease of 


the destructive type develop. 
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Schick’ points out that the distinctive features of the childhood 
type of tuberculosis are the result of the reaction of the virgin tissues 
of the child to the invasion of the tubercle bacillus. Infection occurs 
usually by inhalation but occasionally by other routes such as by 
ingestion. The tuberculous lesion may be recognized microscopically 
in from 2 to 3 weeks, and clinical signs may appear in from 4 to 6 weeks. 
The primary lesion usually heals readily, remaining active longest in 
the glands. A clinical arrest of the disease requires at least 2 to 3 years. 
In favorable cases, the disease remains limited to the primary complex 
or primary focus in the alveolus or small bronchi and the regional 
lymph glands. The secondary stage or further extension may occur 
by dissemination of the bacilli from the primary focus by way of the 
lymphatics, the blood stream or the bronchi. The extent and serious- 
ness of this secondary invasion is determined by three factors: the 
intensity of the invasion, the resistance of the subject and the organ 
attacked. In spite of the evidence brought forward to the contrary, 
Schick believes that the original idea must be maintained that the 
primary complex has a beneficial effect on later occurring superinfection. 

With reference to the pathologic sites of the infection Blacklock® 
studied a series of 2500 autopsies. He found 378 tuberculous lesions 
‘in this group of children, varying in age from 1 day to 13 years. Tuber- 
culosis was the cause of death in 95.2% of 253 subjects under 3 years 
and in 74.4% of 125 children over 3 years. Girls of all ages were more 
often infected than boys. The primary sites of infection were as 
follows: thorax, 63.4%; abdomen, 32.4%; cervical region, 8%; and 
undetermined, 7%. Most of the children with primary intrathoracic 
tuberculosis died of generalized infection and this was slightly more 
common in children under 3 years than in those older than 3 years. 
Among children living in the reported area intrathoracic tuberculosis 
is a relatively fatal disease especially in children less than 3 years. 
The primary site of the tuberculous infection was in the abdomen in 
123 cases, with a relative incidence greater in children over 3 years 
than in those under that age, but more deaths occurred in the younger 
children. Intestinal ulceration occurred in 22 cases. In 74.4% of the 
children under 3 years and in 29.3 % of those over this age, generaliza- 
tion of the infection caused death. Tuberculous disease limited to the 
abdomen caused more deaths than similar disease confined to the lungs. 
In cases of abdominal lesions causing death, human strains of the 
bacilli were isolated in 11 instances and bovine strains in 47. From 
children not dying of the abdominal disease 2 human and 13 bovine 
strains were obtained. In the entire series of 236 strains isolated, 
29.2 % were bovine, the percentage varying from 24.4 in children up to 
the age of 1 year to 35.7 during the second year and thereafter, gradu- 
ally increasing to 25.3 % in children between the ages of 6 and 13 years. 

In regards to the occurrence of the bovine and the human types of 
tubercle bacillus infection in man, Sziile!® says that according to Koch 
bovine tuberculosis was less virulent for man than the human type. 
This belief was based on the fact that the presence of bovine tubercu- 
losis in the human sputum had never been proved. Since then such 
bacilli have been found on numerous occasions but this observer found 
them only twice in 201 cases and he does not believe that the bovine 
type of tuberculosis bacillus is transformed into the human type when 
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it infects man but that it retains its original properties. Because of 
less infection among dairy herds the occurrence of this type of tuber- 
culous infection in childhood as well as in adult life has decreased. 
However, Tobiesen, Jensen and Lassen*® have reported 26 cases of 
bovine pulmonary tuberculosis. Of these, 10 were under 5 years and 
none over 32 years. In only 1 instance in this group could tuberculosis 
be demonstrated in the home. Of the 26 patients, 13 had been drinking 
raw milk for some time, while only 3 denied having taken raw milk. 
The pulmonary disease was preceded by cervical adenitis in 11 of the 
cases. The pulmonary processes did not show any distinctive features 
in the roentgenograms. In 18 cases the tubercle bacilli were obtained 
by gastric washings alone. Of the 6 patients that died during the 
period of observation all showed generalized tuberculosis. Of these, 
3 were under 5 years, 2 between 5 and 15 years and 1 over 15 years, so 
that it would seem that the bovine type of pulmonary tuberculosis was 
as serious in the age period below 5 years as the human type. 

The problem of preventing the dissemination of tuberculosis is a 
great one. It is possible to isolate or segregate only a small portion 
of the active open cases, consequently the prevention of the spread of 
the disease has been only relatively successful. The danger of con- 
tamination is especially great in infancy and childhood. For that 
reason the prophylactic inoculation of children with the B.C.G. vaccine 
as devised by Calmette and Guérin was received with the highest 
expectation. Question arose as to the dangers of this procedure and 
as a result the use of this method has not become as widespread as was 
expected. According to Rist,” only children having a negative reaction 
to tuberculin are suitable for inoculation with B.C.G. There is prac- 
tically universal agreement that in infants its use is innocuous. The 
difficulty has been to determine how universal the protection is among 
vaccinated children. There has been considerable criticism as to the 
methods used in statistical computation as regards the influence on the 
death rate in tuberculosis. Oral administration has been used but it 
does not regularly immunize all children, so that it must be regarded 
as an uncertain method of vaccination. 

Clawson’ carried on a series of experiments on immune reactions in 
experimental tuberculosis. The purpose of his study was to determine 
an experimental basis for the safest and most efficient method of using 
the Calmette-Guérin bacillus in developing resistance of bovine and 
human tuberculosis. Another consideration was the relation of the 
reactions included in immunity to the pathogenesis of tuberculosis. In 
conformity with the course pursued in previous experiments on vac- 
cination with streptococci, the B.C.G. was administered as living 
organisms subcutaneously and intravenously and as heat-killed organ- 
isms in the same ways. The vaccine so administered was studied in 
respect first to safety and then as to resistance. No mechanical injuries, 
such as bacterial emboli or any other kind of tissue injury, were observed 
at any time from vaccinating many animals by each of the four methods. 
No toxic results, either immediate or delayed, were noted in the normal 
animals after vaccination. With large doses given intravenously to 
animals already allergic, extreme collapse and death within 24 hours 
took place, but ordinary doses were not accompanied by toxic effects 
in the allergic animals. Subcutaneous injection of the vaccine into 
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allergic animals had no ill-effects. In allergic animals vaccinated with 
relatively small doses intravenously, small non-progressive tubercles 
frequently developed in the lungs, liver, and spleen. It would seem 
in the light of present observations that vaccination should be limited 
to those not having a positive tuberculin reaction. It would be an 
advantage if it is found that allergic animals can be safely vaccinated 
intravenously, for in the process of vaccinating the allergic animals 
they are desensitized, at least for a time, and resistance is increased. 
Allergy was studied as a factor in safety and also in respect to its 
influence in the pathogenesis of tuberculosis. The frequency and 
degree of allergy was greater after vaccination by methods in which the 
living organisms were injected, but even by these methods allergy did 
not develop in all animals. A relatively small amount of allergy was 
produced in the animals given subcutaneous injections of heat-killed 
organisms. No animals vaccinated intravenously with heat-killed 
organisms ever became allergic. It was found that severe allergy 
following vaccination disappeared in about 3 months and less severe 
allergy in less time—sometimes in as short a time as 1 month. This 
disappearance of allergy was probably more rapid than in persons in 
whom allergy is so frequently due to arrested active lesions. It seems 
probable that allergy, especially of the lesser degrees, which develops 
in the course of vaccination with B.C.G., should not be looked on as 
a serious handicap. Allergy in association with vaccination and prob- 
ably with the development of a tubercle appears much earlier than is 
generally thought. It has been found to appear in from 1 to 3 weeks. 
In these experiments, if allergy had not appeared in 3 weeks after the 
last injection of the vaccine, it was found that it would not occur. 

After 8 years of careful study both clinically and in the laboratory, 
Kereszturi and Park! are convinced of the harmlessness of the B.C.G. 
vaccine. They injected large amounts of living B.C.G. organisms 
into between 400 and 500 laboratory animals. All animals remained 
free of tuberculosis except 1, and in that 1 accidental infection could 
not be excluded. Clinically, the vaccine was administered to 175 infants 
who were not known to have been exposed to tuberculosis, with the 
possible development of clinical tuberculosis in but 1 of the entire 
group. Of 515 children vaccinated with living B.C.G. organisms and 
exposed to tuberculosis, only 5 contracted the disease. From these 
patients organisms of the human but not of the bovine type were 
recovered. In 27 cases, the virulence of the B.C.G. strain recovered 
from cold abscesses caused by the vaccination could not be shown to 
have been increased by living in the human body for periods of from 
| to 10 months. The parenteral administration of the vaccine seems 
to be more effective than the oral since the tuberculosis Jeath rate 
decreased to one-half when the oral method was used and to one-fourth 
when B.C.G. was injected intracutaneously. Since this procedure is 
harmless and increases considerably the resistance to tuberculosis, its 
use should be urged as a public health measure in those who have not 
yet become infected and who may later become exposed to tuberculosis 
in their own families. 

Aronson and Dannenberg* undertook a study to determine the value 
of B.C.G. vaccine in newborn infants living in families with known 
cases of manifest tuberculosis. These were given the vaccine orally, 
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while infants, similarly exposed but too old to be vaccinated by mouth 
when first observed, served as controls. They gave 30 mg. of the 
B.C.G. vaccine by mouth to 43 white and 27 colored infants. As econ- 
trols there were 114 white and 53 colored infants. Of 41 children 
who remained in contact with persons having tuberculosis and who 
were vaccinated in the first 10 days of life by the peroral administration 
of B.C.G. vaccine, 1 died of tuberculosis, while of 84 unvaccinated 
children living under comparable conditions, 10 died from the disease. 
Of 15 children vaccinated with B.C.G. vaccine who remained in contact 
with persons having tuberculosis but whose sputum did not contain 
tubercle bacilli, none died of tuberculosis, while of 45 unvaccinated 
children living under comparable conditions, 2 died of tuberculosis. 
No deaths from tuberculosis occurred in the children studied who were 
not exposed to persons known to have manifest tuberculosis, either 
among the vaccinated or among the unvaccinated children. Of chil- 
dren in contact with tuberculous persons whose sputum contained 
tubercle bacilli, 81.6% of 38 vaccinated children and 78.5% of 79 
unvaccinated children reacted positively to an intracutaneous injection 
of tuberculin. Among 14 vaccinated and 44 unvaccinated children 
in contact with persons having tuberculosis whose sputum did not 
contain tubercle bacilli, 92.8% of the vaccinated and 36.4% of the 
unvaccinated children reacted to tuberculin. Of children living in 
contact with tuberculous persons whose sputum contained tubercle 
bacilli, 16.6% of 36 vaccinated with B.C.G. and 56.6% of 83 unvacci- 
nated children presented roentgenologically demonstrable lesions in the 
lungs. Among the children living in contact with persons with tuber- 
culosis whose sputum did not contain tubercle bacilli, no pulmonary 
lesions demonstrable by the Roentgen rays were observed in the 13 
who had been vaccinated, but 5% of the 40 unvaccinated presented 
roentgenologic evidence of pulmonary lesions. No lesions demon- 
strable by means of the Roentgen rays were found in the 8 vaccinated 
or 36 unvaccinated children not in contact with persons known to have 
tuberculosis. These results indicate that the administration of B.C.G. 
vaccine to newborn children exposed to patients having manifest tuber- 
culosis may prove of value in reducing the mortality from this disease 
in infancy and childhood. 

While the value of B.C.G. vaccine in the prevention of tuberculosis 
in children and in the decrease of the mortality rate of the disease is 
admitted by many, some observers are somewhat skeptical. Boynton‘ 
made an analysis of the deaths from tuberculosis in Minnesota from 
1915 to 1932. In this state where B.C.G. vaccination was not used 
the mortality rates in children from tuberculosis were lower and had 
decreased more than the rates in Sweden, where the vaccine was used. 
He found that although there had been a decrease of 80% in the mor- 
tality rate in infants under | year, the death rate still remained higher 
in this age group than in any group under the age of 15 years. Tuber- 
culosis of the lymph nodes, bones and joints was a negligible cause 
of death in children under 15 years. Tuberculous meningitis, pulmon- 
ary tuberculosis and miliary tuberculosis were the more important 
‘auses of death. 

Beaven‘ studied 4982 children between 1926 and 1934. As a result 
of his study he concluded that tuberculosis among children was decreas- 
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ing rapidly. He believes that if the rate of decline continues, it will 
soon be a rare disease. Every one hopes that this prophecy will be 
fulfilled. He does not believe that there has been attenuation of the 
organism causing tuberculosis, but he feels that there are fewer indi- 
viduals infected. If this is actually the case throughout the country, 
too much praise cannot be accorded public health officials and the 
activities of the Red Cross and similar organizations. 
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Studies in Blood Volume and Blood Pressure Following the Extra- 
vascular Administration of Fluid in Rats. J. Q. Grirriru, JR., and 
R. CamMpBELL (Robinette Foundation, University of Pennsylvania). 
Forty-one albino rats were injected intraperitoneally with physiologic 
saline in amount equal to 15 ce. per 100 gm. body weight. After 
24 hours 11 animals had an elevated blood pressure, and 30 did not. 
Of the hypertensive animals, 4 had evidence of blood dilution based 
upon change of refractive index of plasma, and the remaining 7 had 
an increased blood volume. Of the animals with normal pressure, 
IS had no evidence of dilution, or of increased blood volume; 8 had 
evidence of some dilution or of increased blood volume, but less than 
was present in the hypertensive animals; 4 showed evidence of dilution, 
or of increased blood volume, to a considerable degree. The 4 in this 
last group were all young animals. In no case did a vascular hyper- 
tension occur without evidence of plasma dilution or of increased blood 
volume. Under the conditions of the experiment, blood pressure and 
blood volume appear to vary directly. 
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Glucose Tolerance in Normal Rats. V. V. and B. kK. Harnep 
(Laboratory of Pharmacology, Woman’s Medical College of Penn- 
sylvania). Glucose tolerance tests were carried out on male rats from 
two different colonies. The glucose tolerance tests on Wistar rats 
were found easy to duplicate and consistent over a long range in age 
(at least 90 to 400 days). Rats under 60 days of age demonstrated a 
higher glucose tolerance than the older animals. The average fasting 
blood sugar of the Wistar rats was 67 mg. %. After injection of glu- 
cose the blood sugar rose to a height of about 170 mg. % at the half 
hour. By 2 hours after administration the blood sugar had fallen to 
113 mg. %. There was no essential change between the second and 
fifth hours. Another strain of rats in the same laboratory gave incon- 
sistent glucose tolerance results. After 2 months of age, 60% of the 
curves were diabetic in type and 46% of all animals showed only 
diabetic curves. The technique used for these studies consisted of a 
16-hour fast followed by intraperitoneal injection of 3.5 gm. per kg. of 
glucose in a 10% solution. Blood samples were taken before injection 
and 3, 1, 2, 3 and 5 hours afterward. 

Hyperglycemia Produced by a Synergistic Action of Strychnine and 
Physostigmine. B.K. Harnep and V. V. Cote (Laboratory of Phar- 
macology, Woman’s Medical College of Pennsylvania). Appropriate 
quantities of strychnine and of physostigmine administered to normal 
male rats exert a synergistic hyperglycemic action offering therapeutic 
possibilities in the treatment of a selected type of hypoglycemia. The 
action is accomplished through the liberation of adrenalin and disap- 
pears in rats with demedullated adrenals. In the quantities in which 
the drugs were used no undesirable side effects were observed. 

The technique consisted in employing the glucose tolerance test as 
outlined by the authors. The drug injection immediately followed the 
1-hour blood. The differences between the blood sugar values obtained 
with and without the drugs served to measure the effect of the drug. 

The data were obtained on 22 adult male rats. Each animal was 
subjected to the following glucose tolerance tests: (1) Without drug; 
(2) with strychnine; (3) with physostigmine; (4) with strychnine and 
physostigmine. The drugs were administered subcutaneously and the 
quantities employed were always 0.52 mg. per kg. for strychnine 
sulphate and 0.1 mg. per kg. for physostigmine salicylate. 

One hour after the administration of the drugs strychnine produced 
a small elevation in the blood sugar, physostigmine a definite elevation, 
and the combination of physostigmine and strychnine produced a hyper- 
glycemia significantly greater than the sum of the effects produced 
by the separate drugs. The synergistic effect was more pronounced on 
the second hour and persisted for 4 hours. The synergistic action 
amounted to 20 mg. % of blood sugar on the second hour but we believe 
that optimal conditions will show a greater rise. 


The Conduction of Labyrinthine Impulses to the Cerebral Cortex. 
E. A. SpreGet and J. B. Price (Laboratory of Experimental Neurology, 
Temple University). The conduction of labyrinthine impulses to the 
higher centers was studied in cats, by recording the cerebellar and the 
cerebral cortical action potentials after stimulation of the labyrinth 
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by rotation. A special apparatus was built permitting artificial respi- 
ration and the connection of the electrodes with the recording galvan- 
ometer to be retained during rotation. Stimulation of the labyrinth 
by rotation induces a functional change in the cerebellar cortex, as 
shown by an increase of the amplitude and number of the fast oscilla- 
tions led off from the cortex of the vermis cerebelli. Changes in the 
electrocorticogram similar to those induced by stimulation of other 
sensory nerves (increase of the fast oscillations, inhibition of the slow 
waves) may be elicited by the labyrinthine impulses, even if the cere- 
bellum is extirpated, and if this operation is combined with severance 
of the posterior longitudinal fasciculus in the anterior third of the 
pons. It is inferred that the labyrinthine impulses may reach the 
cerebral cortex not only by way of the cerebellum-ruber system and by 
connections of the posterior longitudinal fasciculus with the nucleus 
ruber, but also by pathways outside these systems. Vestibulo-reticulo- 
thalamic pathways and connections between the vestibular and the 
cochlear tracts come into question. 

The Réle of the Upper Small Intestine in the Control of Gastric 
Secretion. The Effect of Neutral Fat, Fatty Acid, and Soaps. The 
Phase of Gastric Secretion Influenced and the Relative Importance of 
the Psychic and Chemical Phases. Harry Suay, J. GERSHON—-COHEN 
and SAMUEL S. Frets (Samuel S. Fels Fund and Gastro-intestinal Divi- 
sion, Medical Service 1, Mt. Sinai Hospital). Our studies have con- 
sistently shown a marked depression of gastric secretion in man when 
neutral fats, fatty acids and soaps, in proper concentration, were in- 
stilled into the duodenum beginning at the time the mouth meal was 
taken. All secretory fractions were involved: acid, chlorides and 
enzymes. This depression of secretion continued -for a considerable 
period of time after the instillation of: the stimulant was stopped. 
A secondary sharp rise in gastric secretion was frequently observed 
after the oil effect was overcome. We have not been able to confirm 
the opinion that this secondary rise in secretion was dependent upon 
the formation of soaps in the upper intestine whose action was sup- 
posed to cause stimulation of gastric secretion. The duodenal instilla- 
tion of a representative soap, sodium oleate, in proper concentration 
(15%), produced, as did oil, first, depression of secretion, followed by 
a rise in secretion. 

From a study of the effect upon gastric secretion of many agents 
other than fat instilled into the duodenum, we frequently saw the 
sharp secondary rise of gastric secretion following the initial depression. 
The result obtained with 40 % glucose was used to illustrate the action of 
agents other than fat or fat derivatives. Such results obviously militate 
against any specific gastric stimulating effect previously ascribed to 
soaps in the upper intestines. 

By the use of duodenal instillates of different concentrations (2% 
and 15%) sodium oleate, and varying amounts of the same concentra- 
tion, we saw a difference in the threshold of response of the gastric 
motor and secretory mechanisms as influenced from the intestine. 
The motor mechanism appeared to have a lower threshold than did the 
secretory. The mechanism of enzyme secretion, too, appeared to be 
influenced differently from the acid mechanism. This was seen in the 
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almost consistent earlier rise in enzyme concentration after the duodenal 
stimulant was stopped. 

The question was raised whether the secondary rise in the gastric 
secretion following the secretory depression after the duodenal instilla- 
tion of oil might represent a discharge of secretion stored up during 
the depression period. 

We believe that the duodenal influence upon gastric secretion was 
exerted chiefly if not entirely upon the psychic phase of gastric secre- 
tion; further, that this phase represented the important one in gastric 
secretion. These opinions are based upon experiments in which the 
interval between the beginning of the meal and the duodenal instilla- 
tion could be increased to a point where the duodenal instillation became 
ineffective; upon the prevention of the stimulation of gastric secretion 
during insulin hypoglycemia; and upon the failure of duodenal stimula- 
tion to prevent a rise in gastric secretion following histamine injection. 
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